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ABSTRACT 


The purpose of this study was to determine if recent improvements in the computing 
power of Personal Computers (PCs) have made them a viable alternative to the larger, 
multi-user oriented computers, better Known as mainframes. The Numerical 
Electromagnetics Code (NEC3), a 10,000 line Fortran program, was down-loaded from 
the Naval Postgraduate School's IBM 3033AP mainframe and implemented on various 
ШЕ 555Гегпб: The systems considered were the IBM RT PC (using IBM RT PC VS 
FORTRAN), a Definicon DSI-780 Coprocessor Board (using SVS FORTRAN), and a 
Compaq Deskpro 386/20 AT PC (using NDP FORTRAN-386). Using NEC3 example 
problems, comparisions of speed and accuracy were made between the PCs and the 
mainframe. 

Results show that the Compaq Deskpro 386/20, with a Weitek 1167 math 
coprocessor, using MicroWay’s NDP FORTRAN-386 (32 bit Fortran compiler), can be 
used to implement NEC3 on a PC. Performance times for the Deskpro (w/1167) were 
опју 20% 10 25% slower than the mainframe’s. Due to Ше Weitek’s internal accuracv 
(single precision), solutions of the NEC3 examples were comparable to the mainframe's 
only for simple problems. As the complexity of the NEC3 problems increased, the error 
due to the Weitek's single precision calculations also increased. 

It 1s assumed that the reader is currently knowledgable on the use of an IBM AT 
PC or compatible and that the reader is familiar with the PC's Disk Operating Svstem 
(DOS). 


THESIS ОБОРИ ВЕК 


The reader is cautioned that computer programs developed in this research may not 
have been exercised for all cases of interest. While every effort has been made, within 
the time available, to ensure that the programs are free of computational and logic er- 
rors, they cannot be considered validated. Anv application of these programs without 


additional verification is at the risk of the user. 
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IL. INTRODUCTION 


A. PURPOSE 

Within the last few years, the scientific, industrial, and educational communities 
have become increasingly dependent on the use of Personal Computers (PCs). Although 
word processing, data base management, and other utility programs have fueled this PC 
explosion, recent increases in CPU (Central Processing Unit) clock speeds and the im- 
provement of math coprocessors have increased the computational capabilities of PCs 
to impressive levels. These improvements now make the PCs capable of handling nu- 
mericallv intensive programs usually reserved for larger computer svstems, often referred 
to as mainframes. 

The objective of this Thesis was to determine whether or not a large mainframe de- 
pendent program, specifically the Numerical Electromagnetics Code (NEC3), can be 
implemented on a PC. The PC systems to be considered are an IBM RT PC (work 
station), a Definicon DSI-780 Coprocessor Board (mounted in an IBM compatible 
AT,386), and a Compaq Deskpro 386.20 AT PC (with Intel 80387 and Weitek 1167 


math coprocessors).1 


B. BACKGROUND 

NEC was originally developed at Lawrence Livermore National Laboratory, 
Livermore, California, under the sponsorship of the Naval Ocean System Center and 
Air Force Weapons Laboratory. This program is an offspring of the Antenna Modeling 
Program (AMP) written in the early 1970’s by MBAssociates for the Naval Research 
Laboratory, Naval Ship Engineering Center, U.S. Army ECOM Communication Svs- 
tems, U.S. Army Strategic Communications Command, and Rome Air Development 
under the Naval Research Contract N00014-71-C-0187. NEC3, the current version of 
NEC, was developed by G.J. Burke of Lawrence Livermore Laboratory. [Ref. 1] 

NEC3 1s an antenna modeling program designed to handle a wide range of antenna 
structures. This makes it 1deal for use in the military due to the numerous structures 


(e.g., ships and vehicles) used to support antennas. The code itself is heavily dependent 


1 IBM, IBM PC, IBM PC AT, and the IBM RT PC are trademarks of the International 
Business Machines Corporation. COMPAQ AND COMPAQ Deskpro 386/20 are trademarks of 
Compaq Computer Corporation. WEITEK 1167 is a trademark of the Weitek Corporation. 
DEFINICON and DSI-780 are trademarks of the Definicon Systems Incorporated. 


on numerical integration and often pushes the computer's ability to calculate accurate 
data. NEC3, written in standard Fortran 77, 1s approximatelv 10,000 lines long and in- 
corporates over 80 subroutines. 

NEC was previously converted to a PC by Stephen P. Lamont. [REL Вав линка 
routine had to be separately compiled, and modifications to the code were made in order 
for NEC to run in the PC DOS (Disk Operating System) environment. Due to the lim- 
ited in-core memory (640K), execution times were not fast enough to justify running 
NEC3 on a PC. However, recent advances in both hardware and software now make it 


worthwhile to investigate using a PC as an alternative to the mainframe. 


C. CONTENTS 

Chapter IJ describes hardware configurations for each of the three systems. Capa- 
bilities and limitations such as the 32 bit memory and the DOS 640K memory limit will 
be examined. Chapter II also lists and describes the software needed to compile, link, 
ald CESECUIE SECS On all ire s) stems, 

Chapter III lists the software modifications that were necessary for NEC3 to be 
compiled and executed on each of the three systems. The compile time options are de- 
scribed to help future programmers escape manv of the pitfalls encountered during this 
research. 

Chapter IV includes the benchmarking and performance of each system based pri- 
marily on speed of calculations and determination of mantissa size. The benchmark 
programs used, WHETSTONE, BENCH, MANSIZE, and CMATYVRI, are describem 
and the experimental results are analvzed. NEC3 sample problems were chosen to 
compare PC execution times and antenna input impedance solutions to those generated 
by the IBM 3033AP mainframe. 

Chapter V lists the conclusions and recommendations prompted bv the results of 


this research. 


кә 


П. SYSTEM HARDWARE AND SOFTWARE CONFIGURATIONS 


The computer systems used in this experiment include an IBM RT PC, a Definicon 
DSI-780 Coprocessor Board, a Compaq Deskpro 386/20 PC, and the Naval Postgrad- 
uate School’s IBM 3033AP Mainframe. The IBM RT PC, Compaq Deskpro 386/20, 
and IBM 3033AP are fully independent computer systems. The DSI-780 however, does 
require the power supply and input/output (J,O) capabilities of an IBM AT PC com- 
patible host. Each of these systems requires unique software in order to compile and 
execute Fortran programs such as NEC3 and SOMNTX. 

Since the focus of this research is on the PC world, the hardware and software de- 
scriptions of the IBM 3033AP Mainframe will not be included. Performance times of 


the mainframe compared to the other svstems will be detailed in Chapter IV. 


A. IBM RT PC WORK STATION 

The IBM RT PC is an advanced computing system. Operating under a version of 
UNIX, the IBM Advanced Interactive Executive Operating System (AIX), the RT PC 
is a multi-user and multi-tasking capable computer. It uses a 32 bit RISC (Reduced 
Instruction Set Chip) processor and a 40 bit virtual memory manager. The RT PC is 
available in various configurations; the system used for this research is a Model 125. It 
comes Standard with an Advanced Processor Card, a NS3208] Floating Point Acceler- 
ator Card, 4 Mbytes of 32 bit memory, a 1.2 Mbyte floppy disk drive, and a 70 Mbyte 
fixed disk drive. Installed options include a second 70 Mbvte fixed disk drive, and a 360 
Kbyte floppy disk drive. The monitor used is an IBM 6154 Advanced Color Graphics 
Misplay. (Ref. 3 ] 


IBM RT PC VS FORTRAN 15 а powerful and rather extensive programming 
package. Some of the most important features include: 
¢ Source compatibility with ANSI Standard FORTRAN 77. 
%6 Optinuzed executable code. 
• No significant limit on program or data size. 


e Variety of compile time options. 


The most important features required to compile and run NEC3 are standard 
FORTRAN 77 compatibility and the ability for virtually unlimited program or data size. 
The limiting factor for the program or data size 1s simply the amount of memorv in- 
stalled in the svstem. Because VS FORTRAN operates in the UNIX environment, the 
640 Kbyte addressable memory limit that 1s encountered on most IBM PCs and com- 
patibles does not occur. The larger available memory allows a program the size of 
NEC3, which has over 10,000 lines of source code and over 80 subroutines, to be com- 
piled in one large program. The single program eliminates the need to individually 
comipile and link each of the subroutines, thereby making the code more efficient. [Ref. 
4] 

The installation of VS FORTRAN on the RT PC is an automated function; how- 
ever, Table 1 on page 5 lists the programs required to compile and execute source pro- 


grams. 


Table 1. IBM RT PC SYSTEM SOFTWARE COMPONENTS 


Disk File 


compiler vsfort the compiler module 


assembler vspass2 the code generator 
vspass3 the code formatter 


linker CC the AIX linker 


system utility vsf Script for invoking V$ FORTRAN 
VS Script for invoking VS languages 


libraries libvssys.a system run-time library 
libvsfor.a FORTRAN run-time hbrary 
libvsfil.a FORTRAN AIX library 
ubia 77 run-time library 
ПВ а {77 intrinsic function hbrary 





The creation of executable code from source programs can be described in four 
steps: 
1. Create program from text editor and store it with either .f or .for extension. 
2. Compile source code to generate binary file (vs or vsf command). 


3. Link binary files with AIX system files to make executable code (cc AIX command 
is performed automatically unless programmer specifically sets compile option to 
prevent linking.) 


4. Run the program. 


In practice the use of VS FORTRAN is relatively simple. The error messages are 
descriptive and useful. Once the source code has been debugged it is a simple matter to 


compile. link, and run programs written in Fortran. [Ref. 5] 


B. DEFINICON DSI-780 COPROCESSOR BOARD 

The Definicon Coprocessor is an accelerator board for the IBM PCs and compat- 
ibles. Available in various configurations, the model DSI-780 is used for this research. 
The significance of this model number is directly related to the board’s computational 
performance. The 780 in the model number signifies that the DSJ-780 emulates the ca- 
pabilities of a VAX-780 computer. The DSI-780 is built around Motorola's MC68020 
32 bit CPU, a 32 bit data bus, an MC68881 Floating Point Math Coprocessor, and 4 


Mbvtes of 32 bit dvnamic RAM. The memory can be expanded to a maximum of 16 
Mbytes with an upgrade to higher density chips. The DSI-780 system clock 1s a crystal 
oscillator running at 20 MHz with one wait state. To make the DSI-780 operational, 
the board must be installed in an IBM PC AT compatible expansion slot. Switch settings 
located on the DSI-780 must be set depending on the host PC’s hardware configuration. 
The manual for the DSI-780 clearly describes the proper settings for the more common 
IBM PC compatibles. [Ref. 6] 

The software required to compile and run a Fortran program on the DSI-780 


Coprocessor has been listed in Table 2 below. 


Table 2. DSI-780 SYSTEM SOFTWARE COMPONENTS 


Disk File 


compiler FORTRAS T20 the compiler module 


assembler IC ODET 20 the code generator 
linker LIST 0. E20 the DSI linker 
system utility LOAD ESE the MS. DOS program loader 
libraries FINLIB.OBJ standard FORTRAN 77 


intrinsic functions 
PASLIB.OBJ the pascal runtime library 





The compiler, SVS FORTRAN (written bv Silicon Valley Software, Cupertino, CA), 
was originallv written for a UNIX operatng system. SVS FORTRAN is a single pass 
compiler (1.e., onlv reads source code once) that compiles in two phases. During the first 
phase the code is broken into procedure-by-procedure parcels, and then the compiler 
Writes the parcel’s tree representation. This allows the compiler, during the second phase, 
to optimize each parcel separately, thereby resulting in code so efficient 1t cannot be 
further hand-optimized. These optimized parcels are combined with their tree informa- 
tion which results in machine code ready for conversion into an object file necessary for 
linking. 

JCODE.E20 is the code generator (assembler) for the previously compiled Fortran 
machine code. Running the machine code through the JCODE generator results in ob- 


ject code ready for linking with the necessary libraries or separate subroutines. The code 


generated by JCODE.E20, taken from the Motorola 68020 CPU instruction set, is in the 
final form necessary to execute on the DSI-780. 

LINK20.E20 is the DSI linker that resolves all external calls and links the object 
modules with the required hbraries. After linking, the original program can be loaded 
and executed using the DSI loader (LOAD.EXE). 

LOAD.EXE is the PC DOS program loader which initiahzes and runs programs that 
have been compiled, assembled, and linked for the DSI-780. This loader does not 
physically load the program into the DSI-780 memory, but instead provides the address 
pointer of the program and initializes the DSI-780. Once initialized, the DSI-780 finds 
the program to be executed and uses its internal memory as needed. LOAD.EXE does 
provide the interface between the Host PC апа the DSI-780 so I, O transfers can be ac- 


comphished. 


C. COMPAQ DESKPRO 386/20 

The Compaq Deskpro 386/20 (20 MHz clock) is one of the fastest and most pow- 
erful PCs available on the market today. Surpassed only by the Deskpro 386.25 (25 
MHz clock), the Deskpro 386'20 1s an IBM AT PC compatible system that uses an Intel 
80386 32 bit CPU and Compaq Flex Architecture for handling memorv access. 
Available in various configurations, the Deskpro used In this research 1s a Model 60, and 
comes standard with an 80386-20 CPL, 1 Mbyte 32 bit memory, a 32 Kbyte cache 
memory, a 60 Mbyte fixed disk drive, a 1.2 Mbyte floppy disk drive, and accommodates 
both the Intel 80387 and the Weitek 1167 Math Coprocessors. Both coprocessors were 
installed for this research. Additional upgrade options installed include an additional 3 
Mbytes of memory (total of 4 Mbytes), a Compaq VGA monitor, and a 1.4 Mbvte 
floppy disk drive. Memory can be expanded to a maximum of 16 Mbytes with appro- 
priate hardware (higher density DRAMs). [Ref. 7] 

Designed with 1 wait state for direct memory access, the Deskpro uses the Compaq 
Flexible Advanced Systems Architecture to reduce the delay caused by the wait state. 
Under normal operating conditions, Compaq claims that the 1 wait state is reduced to 
a 0 wait state 95% of the time. It accomplishes this by using a cache memory system 
in Which the CPU gets its instuctions from a small (32 Kbyte) area of high speed (35 
nsec) memory (cache). As long as the data needed by the CPU are in the cache, the 
processor will run with O wait states. If the data are not available, the CPU waits for 
the data to be retrieved from the slower system memory (DRAM). Installed math 


coprocessors also execute instructions from the cache memory. [Ref. 8] 


The Intel 80387 is an 80 bit Math Coprocessor designed to support the 80386 CPU. 
It provides the CPU with the floating point performance necessary for numerically in- 
tensive applications. The Weitek WTL 1167 1s a set of three chips mounted on a single 
PC board. It is designed to work with the 80386 CPU and provide floating point per- 
formance superior to that of the 80387. The Weitek 1167 board designed for use with 
the Compaq Deskpro PC includes a socket for the installation of the 80387, thereby al- 
lowing software to be compiled with either 80387 or Weitek instuctions. This convenient 
software option prompted the dual compilation and evaluation of NEC3 utilizing both 
the $0387 and the 1167 Math Coprocessors. [Ref. 9 ] 

The software svstem used to compile, assemble, link, and run NEC3 on the Deskpro 
is a combination of two software packages: MicroWav's NDP FORTRAN-386 com- 
piler (version 1.4e), and Phar Lap's Tools, containing the 386, ASM assembler (version 
2.0), the 386'LINK linker (version 2.0), and the RUN386 DOS extender (versione? 
NDP FORTRAN-386 is a UNIX based 32-bit Fortran compiler that generates assembly 
language code for the 80386 machines and supports the 80287, 80387, and Weitek 1167 
Math Coprocessors. It requires a Version of MSDOS 3.2 or higher, and at least 
Mbytes of svstem memory. Although NDP does not require a coprocessor to compile 
source code, it does require one at run ume. This compiler supports standard Fortran 
77 and has a complete and thorough set of libraries. A list of the files required to com- 
pile, assemble, link, and run a Fortran program can be found in Table 3 on page 9. 
[Ref. 10] 


Table 3. DESKPRO SYSTEM SOFTWARE COMPONENTS 


Disk File 


compiler NUDPDPISSSOJE AT the compiler module 


assembler OSTIO SO TONS assembler 
linker LINK386.EXE linker 


svstem utility I EXE compiler driver 
ГЕ ОСЕТЕ DOS extender 


DOS interface modules| DOS386.OBJ run time module 
CO387.0BJ 80387 module 
СО1167.ОВЈ Weitek 1167 module 


libraries CIBI. LIB FORTRAN support library 
LIBF1167.LIB FORTRAN support for 1167 
LIBC.LIB C support (used by FORTRAN) 
ЕСО ЕВ C support for 1167 
LIBM.LIB math library 
LIBMITOT LIB math library for 1167 
LIBM287.LIB math librarv for $0287 
LIBM387.LIB math library for $0387 
LIBFGREX.LIB extend graphics (FORTRAN) 





Phe compiler and compiler driver (F77.EXE) have over 50 compile time options 
(switches) that can be set to control the creation of an executable program. Below is 


an example of this process using NEC3. 


Example 1: Build NEC3.EXP with Weitek 1167 calls. 


Create NEC3.f using a text editor (down loaded from Mainframe). 


Create a batch file (MAKENEC3. bat) with the line: 


МЕ77 %1.Ғ -о 21 -vyv -n& =0LM %2 %3 %à 


This batch file will create NEC3.EXP by typing: 


MAKENEC3 NEC3 second gettim 


The actions generated during this procedure include: 


COMPILING МЕСУ TS NEC S 

ASSEMBLING NEC3 si > NEC3:obj 

LINKING NEC3. obj,second. obj, gettim. obj, LIBM1167 => NEC sS 
DELETING NEC3.s,NEC3.obj (saves disk space) 


Table 4 on page 11 describes the options used in Example 1. 
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Table 4. NDP OPTIONS USED IN ENAMPLE 1. 


This option tells the compiler driver to print out the program names 

and command line arguments as it runs each subprocess. This switch 
proved helpful when compiling NEC3, as it provided the programmer 
With an occasional status report much desired for long compile times. 


This option places the executable file output into a file named 
filename. lf filename is not specified the executable file will be named 
а.ош. 


This option instructs the compiler to generate code compatible with 
the Weitek 1167. 


Instructs compiler to perform maximum optimizations, to include 
speed optimizations related to moving code out of loops and speeding 
up loops in general, and additional memory optimizations. 


Second and gettim are additional object modules used by NEC3 in order to retrieve 
the system time. Second is called from NEC3 but second in turn calls gettin. 


Replacing -n4 with the combination -n2 -n3 instructs the compiler to create execut- 
able code for the 80387 instead of the Weitek 1167. 





Once NEC3 is compiled, assembled, and linked, the Phar Lap RUN386.EXE pro- 
Ши is still required to run NEC3. RUN386.ENE is a DOS extender that places the 
80386 into the protected mode while running a program. Typing the following com- 
ПА КОЛ зоб AEC executes NEC3. Since NDP FORTRAN-386 15 based on the 
UNIX operating system, the only limit to the size of a program’s arrays or storage space 
is the amount of memory installed in the PC. NEC3’s in-core solution matrix was orl- 
ginally set to a 66 х 66 array; using NDP and the available system memory (4Mbvtes), 
the solution matrix was increased to 300 x 300. This resulted in improved speed due to 


larger in-core memory access. [Ref. 10, 11] 
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ПІ. COMPILATION OF NEC3 AND SOMNTAN 


Due to the differences between the various Fortran compilers used 1n this research, 
some modifications had to be made to the mainframe versions of NEC3 and SOMNTX 
source code. Most modifications were universal; however, some corrections Were system 
(PC and compiler) dependent. The listings of modifications are broken down into two 
main groups, NEC3 and SOMNTX. Each group will be futher subdivided into universal 


and svstem (PC and compiler) specific modifications. 


A. NEC3 MODIFICATIONS 

No restructuring of the code was required to implement NEC3 on a PC. The mod- 
ifications required were related to I,O specifics for each system and the calling of system 
time routines. Due to obsolete programming techniques, some data initialization had 
to be restructured. 

1. Universal Modifications to NEC3 

The most involved universal modification to NEC3 was the inclusion of the 

CHARACTER variable declaration. All character type data had to be redefined from 
суре INTEGER to type CHARACTER. All mainframe dependent functions had to 
turned off or replaced with a PC substitute. Universal modifications made to NEC3 are 


detailed in Table 5 on page 13. 


Table 5. UNIVERSAL MODIFICATIONS TO NEC3 


Modifications 


MAIN 


DATAGN 


NUMBER 


PATCH 
RDPAT 


READ 
PRNT 














Changes to variable declarations must 
be made as follows: 
CHARACTER*I BLANK.SLASII 
CHARACTER*2 AIN.ATST(23) 
CHARACTER HPOLOGILESNET(6) 
Delete line 183 (INTEGER*2 CARD(78) ...) 
Add to the data section: 
DATA BLANKA SLASH! 
Comment out ERRSET mainframe function calls 
131659220 921-722 


Changes to variable declarations: 
CHARA Gli К Г РЕ FZ IPT 
CHARACTER*2 ATST.GM 


Changes to variable declarations: 

CHARS CIR I ASO BIO A MNSLS,PLLUS,POINT,EXP 
Delete ео ИЕ ЕЕЕ ИВО BOO) 0.) 

and s 03 (INTEGER AMNUS;-7/...) 

In data section add: 

DATA B Undies. 5,07, 8 9 / 

ОАА МОЕ Л РЕ ЕГ С POINT. EXP E 
Remove the Hollerith formatting in line 7632 












bv replacing “62H” with at begining and end 
of FORMAT statement. 


Changes to variable declarations: 
CHARACTER*6 IGNTP ,IGAX,IGTP.HCIR.HPOL,HBLK, 
eu БАСПЕК G ISE SS.HCLIE 


Changes to variable declarations: 
CHARACTER*1 A(80), BLANK ,COMMA 
CHARACTER*2 AA 
Delete line 8176 (INTEGER AA,A(80).BLANK/’ 1...) 
In data section add: 
DATA BLASK COMMA, 


Changes to variable declarations: 
CHARACTER*4 HALL 
CHARACTER*6 IFORM,IVAR 

Change subroutine variable ICHAR to JCHAR, 

then change HALL in line 9804 to ICHAR(HALL) 





2. IBM RT PC System-Specific Modifications to NEC3 
Specific modifications on NEC3 for the RT PC usine REPPER EO 
are relatively minor. The mainframe timer must be replaced with an RT PC equivalent, 
called TIME, and DREAL must be replaced with REAL. The necessity (0 ГІП 
DREAL is not logical; it can onlv be explained as a bug in the version of VS FORTRAN 
used in this research. A listing of system specific modifications can be found in 
Table 6 on page 14 below. 


Table 6. IBNI RT PC SYSTEM-SPECIFIC MODIFICATIONS TO NEC3 


Modifications 


If output file is desired all print statements 
can be replaced within KIIP 2 OL 
N = unit number 
FOR = line number for corresponding 
format statement 


Replace X TIME With RT Sen amer ME 


Note: TIME is ol data tvoe ПАДЕ ОВАА E 
ATIME isol ipe RCAL ther or 
all variables relating to the time 
must be declared as INTEGER and the 
FORMAT statements must be modified 
accordingly. 


ГРАСТК | Replace DREAM wih Pore. 
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3. DSI-780 System-Specific Modifications to NEC3 
Svstem specific modifications to NEC3 for the DSI-780 using SVS FORTRAN 
consist of replacing the mainframe timer with a. DSI-780 svstem's equivalent, and 
opening files for the input and output of data. These modifications are listed in 
Table 7 below. 


Table 7. DSI-780 SYSTEM-SPECIFIC MODIFICATIONS TO NEC3 


Modifications 


Add subroutine INPUT (Appendix B) to NEC3 
MAIN 






ГСС Ма TU commnandiusi beíore call to 
to TIMER 


Replace timer XTIME bv: 
l. Add subroutine TIMER (Appendix A) to NEC3 
2+ Replace atypical ATIME call, 

БРЕСТЕ ИЕС ЕУ) 
with 

CALL TIMER(SETIME) 
















4. Deskpro System-Specific Modifications to NEC3 
The system specific modification to NEC3 using NDP FORTRAN was simply 
replacing the mainframe timer with a NDP? FORTRAN equivalent. The steps required 


for this modification are listed in Table 8 below. 


lable 8. DESKPRO SYSTEM-SPECIFIC MODIFICATIONS TO NEC3 


Modification: 


Replace timer XTIME by using NDP function SECOND 
as shown in the following example: 
Change: SECOND = NTIME(DUMM Y) 
Ше TSE RIVE = SECOND UDU MNIY ) 
Sr IINIE = DBLE(ISETIM E), 100. 









B. SOMNTX MODIFICATIONS 

Modifications to SOMNTX are minor, relating to data initialization and the invo- 
cation of svstem time calls. A method to input initialization data for SOMNTX must 
be selected. The current mainframe version reads UNIT = 21 for input data. Listed in 
the tables below are the universal and system specific modifications to SOMNTX. 

1. Universal Modifications to SOMNTX 

The only universal modification needed for SOMNTX 1s the addition of three 

COMMON areas as listed in Table 9. This was required due to poor programming 


practices in the data initialization techniques. 


Table 9, SOMNTN UNIVERSAL MODIFICATIONS 


Modifications 


BESSEL Add the following to BESSEL CO MMEON area: 














` COMMON ,/BESSAV: M.AI.A2 
HANKEL | Add the following to HANKEL COMMON area: 
га COMMON ;, HANSAV; M.AI.A2.A3,A4 


р Add the following to HANKEL COMMON area: 


COMMON ЗЕУІБАУ" СЕІКЕСКІТСКОКСЕОГОР А 
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2. IBM RT PC System-Specific Modifications to SOMNTX 
The only modification required to SOMNTX for the RT PC with RT PC VS 
FORTRAN was the replacement of the mainframe timer with an RT PC equivalent. 


The procedure is listed in Table 10 below. 


Table 10. IBM RT PC SYSTEM-SPECIFIC MODIFICATIONS TO SOMNTX 


Modifications 


Replace ATIME with RI system timer TIME. 
Note: TIME is of data tvpe INTEGER while 























Fels XII IS OI Cpe REAL. therelore 
SOMLSQ all varıables relating to the tıme 
Bad must be declared as INTEGER and the 
SOMTRP FORMAT statements must be modified 





accordingly. 





SOMNTX requires 3 input parameters. The mainframe version has SOMNTX read 
a file of tvpe [FILE.FTOSF001] for the input parameter. The RT PC does support 
this file structure. 






17 


3. DSI-780 System-Specific Modifications to SOMNTX 
System specific modifications to SOMNTA for the DSI-780 using SVS 
FORTRAN consisted of opening the output file and replacing the mainframe timer with 
the SVS FORTRAN equivalent. These modifications are listed in Table 11 below. 


Table 11. DSI-780 SYSTEM-SPECIFIC MODIFICATIONS TO SOMNTX 


Modifications 


MAIN Add OPEN statement to MAIN immediately after IFLN= 21 


ОРЕМІТЕТМЕНЕ= 501507007 и 
Replace timer X TIME TD: 


























MAIN 1. Add subroutine TIMER (Appendix A) to NEC3 
and à. Replace a tvpical XTIME call, 
SOMLSQ SETIME = AIINEDL 
and with 
SOMTRP CALL TIMER(SETIME) 


4. Deskpro System-Specific Modifications to SOMNTX 
Svstem specific modifications to SOMNTX on the Deskpro 386/20 using NDP 
FORTRAN were identical to those used on the DSI-780 system. Although opening an 


output file in not required (NDP FORTRAN will assign a temporary file). it 1s suggested 
a specific file name be assigned for file management flexibility. These modifications are 
listed in Table 12 below. 


Table 12. DESKPRO SYSTEM-SPECIFIC MODIFICATIONS TO SOMNTX 


мо 


MAIN Add OPEN statement to MAIN immediately after IFLN= 21 


OPEN(U ELN. PILE = ЗОР ІН 
Replace timer ATIME bv using NDP function SECOND 


























PES as shown in the following example: 
SOMLSO Change: SECOND = XTIME(DUMMY) 
E To: ISETIME = SECOND(IDUMMY) 


SOMTRP SEIIME = DBLE(ISETIME)/100. 


C. COMPILE TIME OPTIONS 
1. Compile Time Options for the RT PC VS FORTRAN 
NEC3 was compiled on the RT PC with the default options. [Ref. 4] 
2. Compile Time Options for the SVS FORTRAN (DSI-780) 
NEC3 was compiled on the DSI-780 with the SVS FORTAN default options 
which include the maximum optimization. [Ref. 6] 
3. Compile Time Options for the NDP FORTRAN 77 (Deskpro 386/20) 


-n2 -n3 - These options instruct the compiler to generate 
optimized code for the 80387 coprocessor. When -n3 


is used -n2 must also be included. 


-п4 - This option instructs the compiler to generate 


optimized code for the Weitek 1167. 


-OLM - Instructs the compiler that maximum optimization 


is required. 


A complete and thorough description of these options can be found in the NDP 
User's Manual. (Ref. 10] 
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IV. BENCHMARK AND PERFORMANCE 


A. BENCHMARKS 
Benchmarks are programs written to help quantify a computer’s performance and 

to rate that performance against that of other computers. This allows programmers to 
evaluate the strengths of one computer over those of another. Each Benchmark 1s 
Written to test some capability of the PC; some examples include: 

e read write to memory 

е read write to disk 

e multiplications.divisions 

* additions subtractions 


e iterative loop efficiencies 


The procedure for using a benchmark can be summarized as follows: 


l. Take the source code for a desired Benchmark and compile it on the computer be- 
ing tested. 


2. Repeat step 1. for all computers being evaluated. 


Consolidate Benchmark results and draw conclusions. 


(2 


The choice of which Benchmark to use depends on what tvpe of operations the 
computer evaluator wants tested. The Benchmarks used in this experiment are the 
WHETSTONE, BENCH, MANSIZE, and CMATVRT. Of the гог Болсон я 
WHETSTONE is the only program not written by Naval Postgraduate School person- 
nel. 

For each of the benchmarks, performance ratings will be described in terms of per- 
centages. This percentage will relate the PC's performance to the mainframe's. For 
example, a 5095 performance rating would indicate that the PC was running at half the 
mainframe capability. In this manner, the PC systems being evaluated can easily be 


compared to each other and to the mainframe. 


1 WHETSTONE 

The WHETSTONE benchmark can best be thought of as a program that 
measures the time required to do an average simple operation in the simplest manner. 
There are two versions of WHETSTONE used in this research, one in single precision 
and one in double precision. Тһе output is presented in units of a thousand 
WHETSTONE operations per second (Kflop) and has been compiled in Table 13. 

Performance ratings of the RT PC and DSI-780 range between 22% to 29%, 
indicating that the 3033AP runs approximately 4 times faster. The Deskpro 386,20 
(w80387) tested 45% to 51%, while the Deskpro (w/1167) showed the best performance 
with an $095 performance rating. 

A copy of the WHETSTONE source code is located in Appendix A. 


Table 13. WHETSTONE BENCHMARK: WHETSTONE Single and Double 
Precision Results (Kflop) 


S ап Single Whetstone Double Whetstone 
i (Kflop) 
IBM RT PC 
DSI-780 


Deskpro 386/20 
(w 80387) 


Deskpro 386/20 
(w. 1167) 


IBM 3033AP 
(mainframe) 
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2. BENCH 
BENCH was written by Prof. J. Breakall, Naval Postgraduate School, and is 
designed to test a computer's abilitv to perform a selection of typical computations 
(tasks) often encountered in engineering type programs. These tasks include: 
e DO LOOPS 
e INTEGER ADDITIONS 
© INTEGER MULTIPLICATIONS 
е REAL ADDITIONS 
e REAL MULIIPIICATIOSS 


Each iteration was repeated 1,000.000 times. Due to the DO LOOP iterations, 
all optimization must be turned off when compiling this benchmark. BENCH results give 
the Deskpro (w'1167) a rating of 43%, which makes it the closest competitor to the 
3033AP. All performance ratings are almost two times lower than the WHETSTONE 
results, indicating the the adverse effect of turning off all optimizations. The results are 
listed in Table 14 below. 


Table 14. BENCH BENCHMARK: Computation times for various calculations 
(Sec) 
BESCH 
Svstem 1,000.000 iterations 
(seconds) 


IBM RT PC 
DSI-780 


Deskpro 386 20 
(w $0387) 


Deskpro 386 20 
(1167) 


IBM 3033AP 
(mainframe) 





ho 
ho 


3. MANSIZE 
MANSIZE is a program designed to determine the number of bits a computer 
uses in calculating the mantissa, and to determune the smallest number the computer can 
represent. This benchmark was chosen due to the accuracy needs of both NEC3 and 
SOMNTX. Results of this test are listed in Table 15. A copy of the MANSIZE source 
code is located in Appendix C. 


Table 15. MANSIZE BENCHMARK: Size of Calculated Mantissa and Smallest 
Representable Number. 


SM Mantssa Length Smallest Representable 
Ñ (bits) Number 
INI RT PC 1.401298 Е-45 
DSI-780 1.301298E-45 


Deskpro 38620 1.401300Е-45 
(w; $0387) 


Deskpro 386,20 1.175490E-39 
(w, 1167) 


* IBM 3033AP 52 0.539761E-78 
(mainframe) 





* MANSIZE compiled in double precision. 


It should be noted that the mantissa length of 23 bits for the Weitek 1167 1s 
somewhat disappointing. The speed benefits from the Weitek are shadowed bv the lack 
of precision. Double precision MANSIZE results in a 53 bit mantissa for the Weitek 
1167, but a loss in speed results. MANSIZE was calculated in double precision for the 
IBM 3033AP because of the compile time option which converted NEC3 from single 
precision to double precision. Single precision MANSIZE for the IBM 3033AP resulted 


in a mantissa length of 20. 
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4. СМАТҮКТ 

СМАТУКТ 15 а Fortran program written by Prof. M. Morgan of the Naval 
Postgraduate School]; it initializes and inverts a complex matrix of selectable size. This 
benchmark reflects the degree of matrix computations used in NEC3 and SOMNTX. 

The results show significantly higher ratings for the Deskpro systems, 27% for 
the 80387 and 86% for the Weitek 1167, compared to the RT PC's and the DSI-780's 
ratings of 6%. Due to NEC3’s dependence on matrix calculations, these results indicate 
that, of the PC systems being evaluated, the Deskpro’s svstems will implement NEC3 
more efficiently. Results are compiled in Table 16. 


A copy of the Fortran source code is located in Appendix D. 


Table 16 CMATVRT BENCHMARK: Complex Matrix Inverter 
Fil ime Inversion Time Total Time 
f (Seconds) (Seconds) (Seconds) 
IBM RT PC 1196 
DSI-780 о 97 


Deskpro 386/20 300.45 
(w. 80387) 


Deskpro 386/20 И 65.41 
(w, 1167) 


IBM 3033AP ) 73.20 
(mainframe) 





At this point it must be realized that the real question to be answered in this 
research is how each of the systems under consideration performs when executing the 
NEC3 program. These benchmarks were included to give added insight to each system's 


capabilities, and to defend the results from the NEC3 sample runs. 
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B. PERFORMANCE RESULTS OF NEC3 SAMPLE RUNS 

The examples used to evaluate NEC3 are by no means a complete representation 
of the types of antenna design problems that can be implemented on NEC3. However, 
these examples do represent a wide range of antenna problems and are considered a 
good test bed in the evaluation of NEC3. Below are the performance results for each 
of the chosen examples. [Ref. 12] 

It should be noted that the input impedances generated on NEC3 using the Deskpro 
386'20 (w/S0387) and NDP FORTRAN-386 appear to be random. Although this ran- 
domness is not seen in the example G2.NEC, it does become apparent in S5.NEC, 
RHOMBIC.NEC, and all the Dipole examples. For simple antenna designs (e.g., 
G2.NEC), the Deskpro (w/80387) produces non-random results. However, as the de- 
signs increase in compexity the randomness begins to appear in the solutions. Either 
through faults in the software or the 80387 or both, the solutions of the dipoles’ input 
impedances do vary from run to run. These example problems were repeated on an 
identically configured Deskpro 386'20 with the same results. Although the answers ap- 
pear to approximate the 3033AP results, the solutions can not be validated. The num- 
bers that appear in the following tables for the Deskpro (w’'80387) are averages of 


several runs using identical input files. 
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]. SS.NEC - 12 Element Log-Periodic Antenna in Free Space. 
Results of this example show that the Deskpro (w 1167), with a rating of 47%, 
has the best performance. Input impedances for all PC systems are equal and closely 
approximate the 3033AP’s solution. Result are listed in Table 17 below. 


Table 17. EXAMPLE 55.МЕС: Log-Periodic Antenna 
System Fill Time Factor Time Total Time 
cH DM — 
IBM RT PC 
DSI-780 


Deskpro 386 20 
(w' $0387) 


Deskpro 386,20 
(ТОЎ) 


IBM 3033AP 
(mainframe) 


. Input Impedance 


IBM RT PC 42.33 - j0.45 
DS1-780 42.33 - 10.45 


* Deskpro 386 20 42.35 - 10.45 
(w, $0387) 


Deskpro 356.20 42.33 - 10.45 
(w 1167) 


PB ME 3033AP 42.45 - 10.80 
(mainframe) 


* Because of the randomness of the system, the reported results are the averages of 
several solutions. 





2. G2.NEC - Monopole Antenna on a Ground Stake (requires SOMNTX data) 
Performance ratings for this example again indicate the superior speed of the 
Deskpro (w,/ Weitek). However, the input impedance could not be calculated for the 
Weitek due to a precision related run time error. All other input impedances closely 


resemble the 3033AP’s solution. Results are listed in Table 18 below. 


Table 18. EXAMPLE G2.NEC: Monopole on a ground stake (requires 
SOMNTX data) 


System Fill Time Factor Time Total Timie 
— T cms 
IBM RT PC 
DSI-780 


Deskpro 3$6 20 
(w:$0387) 


Deskpro 386'20 
(w, 1167) 


IBM 3033AP 
(mainframe) 


Input Impedance Gain 
une св, 


IBM RT PC DUE NEUES 


DSI-780 96.55 + 738.71 


Deskpro 386 20 96.78 + 138.36 
(w 80387) 


Deskpro 386/20 Note 
(ух, 1107) 


IBM 3033AP 94.88 + 539.01 
(mainframe) 





3. RHOMBIC.NEC - Rhombic Antenna Horizontally Polarized. 

Results from the Rhombic example closely correspond to the previous examples 
of NEC3. Again, the Deskpro systems displaved superior speed while maintaining good 
solutions for the input impedances. With a performance rating of 47%, the Deskpro 
(w/1167), 1s consistently twice as slow as the 3033AP mainframe. Results are listed in 
Table I Delon: 


Table 19. EXAMPLE RHOMBIC.NEC: Rhombic Antenna Horizontally 
Polarized 


System Fill Time Factor Time Total Time 
(Seconds) а (Seconds) 
IBM RT PC 260 39] 
051-760 4. | 359.88 


Deskpro 386'20 5. | 99.15 
(5180387) 


Deskpro 386 20 .5: | 38.34 
(w 1167) 


IBM 3033AP и 17.98 
(mainframe) 


Input Impedance Gain 
(on a 


IBM RT PC 352.05 + j172.06 
DSI-780 352.06 + 1172.06 


+ Deskpro 386/20 352.32 + 3172.14 
(w, 80387) 


Deskpro 386,20 
(w' 1167) 


IBM 3033AP 352205 - CE TB 
(mainframe) 


* Because of the randomness of the svstem, the reported results are the averages of 
several solutions. 





4. DIP49.NEC - Dipole Evaluated with 49 Segments 
Performance results range from 7% for the PC RI to 59% for the Deskpro 
(w/1167). All solutions for the input impedance closely resemble the 3033AP solution. 


Results are listed in Table 20 below. 


Table 20. EXAMPLE DIP49.NEC: Dipole Evaluated with 49 Segments 
System Fill Time Factor Time Total Time 
TA — (Seconds) 
IBM RT PC 
DSI-780 


Deskpro 386 20 
(w, $0387) 


Deskpro 386, 20 
(w. 1167) 


IBM 3033AP 
(mainframe) 


| Input Impedance Power 


IBM RT PC 78.01 + j45.52 
DSI-780 77.90 + j44.36 


* Deskpro 386'20 78.02 + 45.87 
(w, 80387) 


Deskpro 386/20 ІЛЕСЕ 11206 
(\\, 1167) 


IBM 3033AP 77.90 + 144.48 
(mainframe) 


* Because of the randomness of the system, the reported results are the averages of 
several solutions. 
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5. DIP99.NEC - Dipole Evaluated with 99 Segments 
Results of this example begin to show the effect of the Weitek’s 23 bit mantissa. 
Although the performance rating for the Deskpro (w,1167) is excellent (6725), the sol- 
ution of the dipole’s input impedance is beginning to deviate from that of the 3033AP’s. 
The Deskpro using the $0387 has a 63 bit mantissa and performance rating of of 27% 
Results are listed in Table 21 below. 


Table 21. EXAMPLE DIP99.NEC: Dipole Evaluated with 99 Segments 
System Fill Time Factor Time Total Time 
— == = 
IBM RT PC 
DSI-780 


Deskpro 386/20 
(м. 80387) 


Deskpro 356,20 
(w. 1167) 


IBM 3033AP 
(mainframe) 


Input Impedance Power 
VS 
(Ohms) (watts) 


IBM RI PC OOS O 3.47E-03 
DSI-780 50.169 + J86.23 2.89E-03 


* Deskpro 386. 20 79.03 + 360.65 3.98E-03 
(%\ 8053867) 


Deskpro 386 20 Up cre 5.54Е-03 
(1167 


IBM 3033AP 78.00 + j44.61 4.83Е-03 
(mainframe) 


>: 


* Because of the randomness of the svstem, the reported results are the averages of 
several solutions. 
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6. DIP199.NEC - Dipole Evaluated with 199 Segments 
Although the performance ratings are consistent with the other examples, only 
the Deskpro with the 80387 ts still maintaming an input impedance solution resembling 


that of the 3033AP's. The Weitek input impedance solution 1s no longer valid. Results 
are listed in Table 22 below. 


Table 22. EXAMPLE DIP1I99.NEC: Drpole Evaluated with 199 Segments 
System ЕШ lime Factor Time Total Time 
3 225 — (Seconds) 
БГЕТРС 1005 
051-780 | . 1190.03 


* Deskpro 386.20 x 269.03 
(w, 80387) 


Deskpro 386/20 i 106.28 
(w/1167) 


IBM 3033AP | | 71.68 
(mainframe) 


| Input Impedance Power 
ohn Yam 


IBNI RT PC 134.85 + }80.941 1.00Е-05 
DSI-780 69°05 = {135.12 1.50E-05 


* Deskpro 386;20 77.00 + 142.54 5.18Е-03 
(w 603867) 


Deskpro 386'20 94.99 + 1273.73 5.60Е-04 
(х<:1107) 


IBM 3033AP 78.05 + 144.69 4.82Е-03 
(mainframe) 


* Because of the randomness of the system, the reported results are the averages of 
several solutions. 
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7. DIP299.NEC - Dipole Evaluated with 299 Segments 
The evaluation of a 299 segment dipole clearly shows the high precision re- 
quirements of the NEC3 code. Only the Deskpro (w/80387) system can maintain a sol- 
ution comparable with that of the 3033AP’s. With a performance rating of 28%, the 
Deskpro (w 80387) is almost 4 times as slow as the 3033AP mainframe. Results are 
listed in lable 23 Delon: 


Table 23. EXANIPLE DIP299.NEC: Dipole Evaluated with 299 Segments 
2 Factor da Total Time 
Second: Б 
IBM RT PC 95 1319 2689 
051-780 [75072 1380.40 2644.50 


* Deskpro 580 20 411.28 269.13 689.48 
(Ww; 80387) 


Deskpro 386/20 168.29 97.34 269.68 
(w. llo7) 


IBM 3033AP 121.69 190.73 
(mainframe) 


. Input Impedance Power 
nh шә 


IBM RT PC 143.68 - |394,4) 4.00Е-00 
051-780 42.75 - J2152.3 4.60E-06 


* Deskpro 386/20 81.95 495595 5-95 E05 
( 50567) | 


Deskpro 386/20 30.165 4.10Е-06 
(Ww 1167) 


IBM 3033AP ТО ОБЕ Ш 4.82Е-03 
(mainframe) 


* Because of the randomness of the system, the reported results are the averages of 
several solutions. 





Appendices G, H, I, J, and K contain the output files generated with the se- 
lection of examples above for the IBM RT PC, the DSI-780 the Deskpro 386/20 
(w/80387), the Deskpro 386/20 (w/1167), and the IBM 3033AP Mainframe respectively. 


M CONCLUSIONS 


The results of the testing clearly show that the PC is now a viable option to the 
mainframe when implementing large engineering programs. Of the three systems re- 
viewed, it is clear that the Compaq DESKPRO 386,20 was the fastest and most powerful 
machine. 

The Deskpro, when using the Weitek 1167 math coprocessor, was approximately 
50% to 75% faster than all other systems. The Whetstone benchmark results indicate 
that only 20% of the Weitek’s speed advantage is lost when calculations are made in 
double precision. The Deskpro 386, 20 and 1167 combination rated between 75% and 
80% of the IBM 3033AP mainframe. The disadvantage for the Weitek is its 23 bit 
mantissa instead of the 80387’s 63 bit mantissa. This loss of accuracy was evident in the 
dipole examples of the previous chapter. As the number of segments increase, the 
amount of accuracy required bv NEC3 also increases, requiring increased resolution in 
the NEC3 generated output. It it therefore recommended the NEC3 code be converted 
to double precision and re-evaluated. NEC3, converted to double precision, should im- 
prove the Weitek solution while still allowing a speed advantage over the $0387. 

The Deskpro when using the $0387 math coprocessor, rated between 20% апа 25% 
of the IBM 3033AP mainframe. The accuracy of the 80387 is much better than the 
Weitek’s, and thereby better suited for NEC3 problems. This accuracy is overshadowed 
by the fact that the NDP FORTRAN 80387 combination results in unstable code that 
creates NDP FORTRAN “exception” flags during runs. These shortcomings must be 
further investigated to uncover and correct NDP FORTRAN bugs and to determine if 
the 80387 and:or NDP FORTRAN is flawed. 

The run times produced by the 3033AP are true processor times without the obvious 
overhead (e.g., disk read^writes and time sharing) added to it. It is often during peak 
usage of the mainframe that this overhead can become substantial and result in long 
delays not inherent in the PC world. 

It should also be noted that due to the unstable results of the Deskpro (w/ 80387), 
separate tests of the dipole examples were run on a version of NEC3 that was compiled 
for an IBM AT using a 80287 Math Coprocessor with MS FORTRAN (version 4.01). 
These tests resulted in input impedances which closely resembled those calculated with 


the IBM 3033AP. Due to these good results using a 16 bit Fortran compiler, it seems 
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that the 32 bit UNIX FORTRAWNs still need some refinement. The results of this re- 
search indicate that the true potential for these 32 bit Fortrans in implementing large 
numericallv intensive programs is excellent. Additional implementations of NEC3 with 
other 32 bit Fortrans, such as Silicon Vallev Software’s SVS FORTRAN 386 and Lahev 
Computer Systems’ F77L-EM/32, should be attempted. 

A numerical analysis to evaluate the necessary word lengths for NEC3 and 
SOMNTX for implementation on a PC should be performed. This analysis should find 
the critical computations that need 53 bits and convert only these to Complex *16 for 
use with the Deskpro (w/Weitek 1167). This allows the speed advantage of the Weitek 
code to be onlv slightly reduced. 

Of the three PC systems evaluated, only the Deskpro 386/20 provided enough speed 
and accuracy to challenge the mainframe. The Deskpro (w Weitek 1167) is the fastest, 
but modifications to NEC3 must be made to nunimize the Weitek’s loss of accuracy. 
The Deskpro (w,;$0387) is slower, but provides increased accuracy. This conclusion as- 


sumes that the bug that is causing the $0387 pseudo-random solutions 1s correctable. 
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APPENDIX A. TIMER SUBROUTINE FOR DSI-780 


TIMER - RETURNS THE SYSTEM TIME IN SECONDS WHEN USING THE 
DSI-780, AND SVS FORTRAN. 

WRITTEN BY TIMOTHY M. O'HARA 

NAVAL POSTGRADUATE SCHOOL 

MONTEREY CA, 1988 


SUBROUTINE TIMER( TIME) 

CALL GTIME(ITIME) 

IHOUR =ISHFT( ITIME,-24) 

IMIN =ISHFT( IAND( 16711680, ITIME),-16) 

ISEC =ISHFT(IAND( 65280, ITIME) ,-8) 

IMSEC -IAND(255,ITIME) 

TIME =( IHOUR*60. 60. +IMIN*60. -ISEC*1. -IMSEC/100. ) 
RETURN 

END 
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са Саса ео Сое ево 


300 


APPENDIX B. INPUT SUBROUTINE FOR DSI-780 


INPUT - OPENS THE NECESSARY FILES NEEDED FOR NEC3. IT PROMPTS 
THE USER FOR INPUT AND OUTPUT FILE NAMES. THIS SUBROUTINE 
WAS REQUIRED FOR THE DSI-780 USING SVS FORTRAN. 


WRITTEN BY TIMOTHY M. OHARA 
NAVAL POSTGRADUATE SCHOOL 
MONTERY CA. , 1988 


SUBROUTINE INPUT 

CHARACTER*14 IN,OUT,SOMFLD, PLOT 

WRITE (*,100) 

READ (*,200) IN 

WRITE (*,105) 

READ» (C200) OUT 

WRITE (*,110) 

READ (*,200) PLOT 

WRITE (*,115) 

READ (7,200) SOMFLD 

OPEN (3 FILESIN STATUSS OID ) 

OPEN (0,FILE=0UT,STATUS='NEW') 

OPEN (8,FILE=PLOT,STATUS='NEW' ) 

OPEN (11,FORM='UNFORMATTED' , STATUS=' SCRATCH' ) 

OPEN (12,FORM='UNFORMATTED' ,STATUS=' SCRATCH’ ) 

OPEN (13,FORM='UNFORMATTED' , STATUS='SCRATCH' ) 

OPEN (14,FORM='UNFORMATTED' ,STATUS='SCRATCH' ) 

OPEN (15,FORM='UNFORMATTED' ,STATUS=' SCRATCH’ ) 

OPEN (16,FORM='UNFORMATTED' ,STATUS=' SCRATCH’ ) 

OPEN (20,FORM='UNFORMATTED' ,STATUS=' SCRATCH’ ) 

IF (SOMFLD. EQ. 'NA') GO TO 300 

IF (SOMFLD. EQ. 'na') GO TO 300 

OPEN (21,FILE=SOMFLD,STATUS='OLD' ,FORM='UNFORMATTED' ) 
FORMAT (' ENTER INPUT FILE NAME -> a9) 

FORMAT (' ENTER OUTPUT FILE NAME -» ',$) 

FORMAT (' ENTER THE FILE NAME OF THE PLOT DATA FILE -> ',$) 
FORMAT (' ENTER SOMMERFELD DATA FILE OR "NA" IF NOT NEEDED -» ',$) 
FORMAT (A) 

RETURN 

END 
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APPENDIX C. WHETSTONE BENCHMARK PROGRAM 


WHETSTONE. FOR 
DOUBLE-PRECISION VARIANT OF PROGRAM. 


"WHETSTONE INSTRUCTIONS PER SECONDS" MEASURE OF FORTRAN 
AND CPU PERFORMANCE. 


SUBROUTINE TIMER ADDED FOR USE WITH DIFINICON DSI-780 


IMPLICIT REAL*8 (A-H,0-Z) 
REAL*4 TIMEO,TIME1,TIMER 
COMMON T,T1,T2,E1(4),J,K,L 


Set KFLAG = 0 to suppress printouts. 
set KFLAG = 1 to get a printout of section results. 


KFLAG = 0 


Benchmark constants: 

With loop set to 10, 1000000 Whetstone instructions 

will be executed each time thru the DO loop. 

The DO loop is executed iter times. This is done solely 

for timing accuracy. 

Note: If you change loop, you are not running the "Whetstone 
benchmark’. Increasing the value of iter will give 

more accurate timings at the cost of longer elapsed 

time to complete the benchmark. 


LOOP 10 
ITER = 5 

T=0. 499975D00 
T1=0. 50025D00 
12-2. ODOO 


ШТІ 


TT TT Start of Timed Interval xk 

CALL TIMER(TIMEO) 

DO 200 JJ =] TTER 

Establish relative loop counts for each module. 


N1=0 

N2=12**LOOP 
N3=14* LOOP 
N4=345* LOOP 
N5=0 

N6=210*L00P 
N/=32**LOOP 


oF 


(2 02 (О 


11 


18 
19 


със) са 


2 


28 
29 


O Сс) С) 


S 


39 


C2 C2 C 


41 
42 
43 


45 


N8-899*LOOP 
N9=616* LOOP 
N10=0 

N11=93**LOOP 


Simple identifiers. 


Хі-1. 000 

X2=-1. ODO 

X3=-1. ODO 

X4=-1. ODO 

IF(N1)19,19,11 

ро 18 I=1,N1,1 

ХЕ ДТ 

X2=(X1+X2-X3+X4)*T 

X4=( -X1+X2+X3+X4)*T 

X32(X1-X24X34X4)*T ; 
CONTINUE 

CONTINUE 

IF (KFLAG.EQ. JJ) CALL POUT(N1,N1,N1,X1,X2,X3, X4) 


Array elements. 


E1(1)=1. 0D0 

Е1(2)=-1. 000 

Е1(3)=-1. 0р0 

E1(4)=-1. ODO 

ТЕГ 01 

DO 28 I=1,N2,1 
Е1(1)=(Е1(1)+Е1(2)+Е1(3)-Е1(4))*Т 
Е1(2)=(Е1(1)+Е1(2)-Е1(3)+Е1(4))*Т 
E1(3)=(E1(1)-E1(2)+E1(3)+E1(4))*T 
Е1(4)(-Е1(1)+Е1(2) +Е1(3) +Е1(4А))#Т 
CONTINUE 

CONTINUE 

IF (KFLAG. EQ. JJ) CALL POUT(N2,N3,N2,E1(1),E1(2),E1(3),E1(4)) 


Array as parameter. 


IF(N3)39,39,31 

DO 38 I=1,N3,1 

CALL PA(E1) 

CONTINUE 

IF (KFLAG. EQ. JJ) CALL POUT(N3,N2,N2,E1( 1), E1@2) ЕТЕТ СВ 


Conditional jumps. 


1-1 
IF(N4)49,49,41 
DO 48 I=1,N4,1 
ТЕ(7-1)43,42,43 
1-2 

GOTO44 

1-3 
IF(J-2)46,46,45 
J=0 


38 


46 
47 
411 


412 
48 
49 


O O O 


61 


68 
69 


Саса со 


И 


78 
79 


cay seu a 


81 
88 
89 


са с 


GOTO47 
J=1 

IF(J-1)411,412,412 

Ј=1 

GOTO48 

J=0 

CONTINUE 

CONTINUE 

ШОШ ПЕГАС ЕШ JI) CAI. POUT(NA,J,J,X1,X2,X3,X4) 


Integer arithmetic. 


J=1 

K=2 

L=3 

Ee NG 6969-61 
DO 68 I=1,N6,1 
Је Ке ТЕК) 
K=L*K-( L-J)*K 
L=(L-K)*(K+J) 
Пана еј. 
E1C(K-1)2J*K*L 
CONTINUE 
CONTINUE 
STI AC EO. JJ) CALL POUTC(N6,J,K,E1( 1), EIC 2) ,EICSD,EITCA)) 


Trigonometric functions. 


Х-0.500 

Y=0. 5D0 

IF(N7)79,79,71 

DO 78 I=1,N7,1 
X=T*DATAN(T2*DS IN(X)*DCOS(X) / (DCOS(X+Y )+DCOS(X-Y)-1. ODO) ) 
Y=T*DATAN( T2*DSIN( Y)*DCOS(Y) /(DCOS( X+¥Y )+DCOS(X-Y)-1. ODO) ) 
CONTINUE 

CONTINUE 

IE TEVE EO TI) CABLE POUTCN7,J,K,X,X, Y, Y) 


Procedure calls. 


X=1. ODO 

Y=1. ODO 

Z=1. ODO 

IF(N8)89,89,81 

DO 88 I=1,N8,1 

ЕА ВССУ Y 7) 

CONTINUE 

IF (KFLAG. EQ. JJ) CALL POUT(N8,J,K,X,Y,Z,2Z) 


Array references. 
J=1 
K=2 
L=3 


Е1(1)-1. 000 
Е1(2)=2. 0р0 
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Е1(3)=3. 000 
ШОО Ово 
Ө | DOSS TSI NIT 
98 CALL PO 
99 CONTINUE 
IF (KFLAG. EQ. JJ) CALL РОЏТСМУ,Ј,К,Е1(1), 2102) РК О Ени 


С2 0272 


Integer arithmetic. 


7-2 
K=3 
IF(N10)109,109,101 
101 DO 108 I=1,N10,1 
J=J+K 
K=J+K 
Ј=Ј-К 
K=K-J-J 
108 CONTINUE 
109 CONTINUE 
IF (KFLAG. EQ. JJ) CALL POUT(N10,J,K,X1,X2,X3,X4) 


Standard functions. 


СО СОС? 


X=0. 75D0 
IF(N11)119,119,111 
111 DO lo P p NTI 
118 X=DSQRT( DEXP(DLOG(X)/T1)) 
119 CONTINUE 
J (C pA EO JI) CALL POUICNIL J а ој 


200 CONTINUE 
C 
С ttt End Of Timed Interval ХХ 
C 
CALL TIMER(TIME1) 
C 
C Performance in Whetstone KIP's per second is given by 
C Where time is in seconds. 
C 


WHETS - (100.0 * DBLE(LOOP) * DBLE(ITER))/(TIME1-TIMEU) 
WRITE (7.201759 WHETS 


201 FORMAT(/' Speed is ',D10.5,' Thousand Whetstone', 
2 ' Double Precision Instructions Per Second. ') 
WRITE (7,202) INT((TIME1-TIME0O) 100. 0/ DETE ШЕНІ 
202 FORMAT (' Single Pass Time = ',I5, ' Hundredths of a Second. ') 
END 


SUBROUTINE PACE) 

IMPLICIT REAL*8 (A-H,O-Z) 
GCOPDION T TIT O Cai cae 
DIMENSION E(4) 


J=0 
1 E(1)=(E(1)+E(2)+B(3)-E(4))#T 
E(2)=(E(1)+E(2)-E(3)+E(4) )*T 
E(3)=(E(1)-E(2)+E(3)+E(4))*T 
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Саса ері ер, 


ea -ECI)ME(2)TE(3) TEC4))/ T2 
J2J41 

8: 7-6)]92.2 

CONTINUE 

RETURN 

END 


SUBROUTINE PO 
IMPLICIT REAL*8 (A-H,0-Z) 
СОМИ ATI, T2 E1(A) ,J,K,L 
E1(J)2E1(K) 

Е1(К)=Е1(1) 

E1CL)SE1(J) 

RETURN 

END 


SUBROUTINE P3(X,Y,Z) 
IMPLICIT REAL*8 (A-H,0-2) 
COMMON T,T1,T2,E1(4) ,J,E,L 
Х1ЕХ 

Y1=Y 

TET (KITT) 

Ү1=Т(Х1+Ү1) 

Z=(X1+Y1)/T2 

RETURN 

END 


SUBROUTINE POUT(N,J,K,X1,X2,X3,X4) 
IMPLICIT REAL*8 (A-H,O-Z) 
WRITE(*,1)N,J,K,X1,X2,X3,X4 
FORMAT( 1X,317 , 4( IPE12. 4)) 

RETURN 

END 


SUBROUTINE TIMER( TIME) 


ise sUBROURINE CALLS THE SYSTEM TIME FOR THE DSI-780 BOARD 
BOTH NDP AND IBM RT FORTRANS REQUIRE DIFFERENT UNIQUE CALLS 


EXTERNAL GTIME 

БЕН ЗГІМЕТІТІМЕ) 

ТНОУК =ISHFTCITIME,-24) 

ШІН -ІЗПЕТСТАНИС16711680,ІТІМЕ),-16) 

ISEC =ISHFT( IAND( 65280, ITIME),-8) 

IMSEC -IAND(255,ITIME) 

TIME =( IHOUR*60. %60. +IMIN*60. +ISEC*1.+IMSEC/100. ) 
RETURN 

END 
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APPENDIX D. BENCH BENCHMARK PROGRAM 


CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 


Аа, 


~. 


Ca Cl C2 C9 ta - Co Ci °C) CarC? C390 Oo C302 CC) CG) CC (ap) (ep) ep) (es) (69) (65) (C?) 


TINT 


BENCH. FOR 
WRITTEN BY RRO ST SEFERA 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY CA 
BENCH IS A BENCHMARK PROGRAM DESIGNED TO TEST A COMPUTERS 
ABILITY TO DO VARIOUS COMPUTATIONS. THE TIME IT TAKES TO 
DO THESE VARIOUS ROUTINES IS SENT TO THE SCREEN IN SP n 
AREAS TESTED INCLUDE: 
DO LOOPS 
INTEGER ADDS 
INTEGER MULTIPLIES 
REAL ADDS 
REAL MULTIPLIES 


NUMBER OF ITERATIONS USED TO CALCULATE THE TIMES IS CHOSEN 
BY USER: 


NOTE: ALL OPTIMIZATIONS MUST BE TURNED OFF FOR COMPILING 


SECOND AND GETTIM ARE SUBROUTINES USED BY NDP FORTRAN FOR 
CALLING THE SYSTEM TIME. 


CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 


QUERY USER FOR # OF ITERATIONS FOR EACH OPERATION 
TEST FORTTERHINATIONT( 999) 


WRITE (*,*) ' ENTER NO. TIMES (-999 STOP) > ' 
READ (*,*) NTIM 
ТЕ пили „ВО, 9999) 9S TOP 


SET TIMER START DO LOOPS 


ITIM=0 

CALL SECOND(ITIM) 

TIMI-DBLE(ITIM)/100. 
DO 2U TSI NIIN 
CONTINUE 


END TIMER FOR DO LOOPS 


ITIM=0 
CALL SECOND(ITIM) 

TIM2-DBLE( ITIM)/100. 
DT1=TIM2-TIM1 

WRITE (505) DO LOGE Il 
II=1234 


30 


Cre 
ey 69 Fd 


40 
C 


Сххх 


С 


50 


Ски 


J=5678 
START TIMER FOR INTEGER ADDS 


ITIM=0 
CALL SECOND(ITIM) 
TIM3=DBLE( ITIM)/100. 
DO 30 I=1,NTIM 
К=11+Ј 
CONTINUE 


END TIMER FOR INTEGER ADDS 


TEMO 
CALL SECOND(ITIM) 

iS DBDECTTIM)/100. 
DT2=TIM4-TIM3-DT1l 

CRITE (~.~) ~ INTEGER ADD `, DT2 


ERIT TIMEK FOR INTEGER MULTIPLIES 


ITIM=0 

CALL SECOND( ITIM) 

тт DBDECITIM)/100. 
DO 40 I=1,NTIM 
K-II*J 
CONTINUE 


END TIMER FOR INTEGER MULTIPLIES 


ITIM=0 
CALL SECOND( ITIM) 

TIM6=DBLE( ITIM)/100. 
DT3=TIM6-TIM5-DT1 

WRITE (*,%*) ' INTEGER MULTIPLY ', DT3 


START TIMER FOR REAL ADDS 


ITIM=0 

CALL SECOND( ITIM) 

TIM7=DBLE( ITIM) /100. 
DO 50 I=1,NTIM 
C=A+B 
CONTINUE 


END TIMER FOR REAL ADDS 


ITIM=0 
CALL SECOND(ITIM) 

TIM8=DBLE( ITIM)/100. 
DT4=TIM8-TIM7-DT1 

WRITE (*,*) ' REAL ADD ', DT4 
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60 


Cy 


START TIMER FOR REAL MULTIPLIES 


ITIM=0 

CALL SECOND( ITIM) 

ТІМ9- ПӘТЕР IOC: 
DO 60 I=1,NTIM 
C=A*B 
CONTINUE 


END TIMER TOR REAL ЧО ТЕШ ЕЕ 


TIENS 

CALL SECOND(ITIM) 

TIM10=DBLE( ITIM)/100. 
DT5=TIM10-TIM9-DT1 

WRITE (*,*) ~ REAL MULTIPLY DS 
GO TO 10 

STOP 

END 
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APPENDIX E. MANSIZE: BENCHMARK TO FIND MANTISSA SIZE 


етее г пут Je گا‎ итар 
“::22222129292922672%27296929270927222027 67 exesededevteveveseeesedede exevevedevesevevese 


: MANSIZE * 

* MANSIZE IS A COMBINATION OF PROGRAMS THAT * 

* DETERMINE THE NUMBER OF BITS OF ACCURACY USED * 

* BY THE PC (LENGTH OF MANTISSA) WRITTEN BY * 

* PROF. J. BREAKALL, NAVAL POSTGRADUATE SCHOOL, 

| MONTEREY CA., AND A PROGRAM THAT DETERMINES * 
THE SMALLEST REPRESENTABLE NUMBER FOR A GIVEN * 


ds COMPUTER, WRITTEN BY, TIMOTHY M. O'HARA, NAVAL * 
se POSTGRADUATE SCHOOL, MONTEREY CA. * 


vía 
4% 


4i 48 4 £V ба PV 4S 4S 4S £V 4 OS AN G8 48 4S 48 £8 4S 48 48 48 £V 4S GV 4S 48 4S 48 £8 79 Фъ Фъ 2 тъч 2 29 Ху Фу Фо Фуча Фа 0% ON ON OS AN AN AN ON AS GN гу «М Ф\ 


@ 
A=]. 
b = 1. 
10 B = B/2 
C = A+B 
IF(A. EQ.C) THEN 
С 
С MULTIPLY MANTISSA (В) BY 2 TO GET LAST RECOGNIZABLE VALUE 
С 
В-2%В 
С 
С CALCULATE THE NUMBER OF BITS IN MANTISSA 
С 
BITS = -NINT(LOG10(B)/LOG10(2. )) 
© 
WRITE(*,*) 'NUMBER OF BITS IN MANTISSA = ',BITS 
WRITE(*,*) ‘SMALLEST RECOGNIZABLE MANTISSA = ',B 
GO TO 100 
END IF 
GO TO 10 
vue CALCULATE THE SMALLEST REPRESENTABLE NUMBER FOR EACH MACHINE 
100 MALL =1, 
WRITE(*,*) 
110 WRITE(*,200)SMALL 
SMALL = SMALL/2. 
IF( SMALL. NE. 0) THEN 
GO TO 110 
END IF 
200 FORMAT('+' ,' SMALLEST REPRESENTABLE NUMBER = ',Е12. 6) 
STOP 
END 
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APPENDIX F. CMATVRT: MATRIX INVERTING PROGRANI 


С 
С CMATVRT - A BENCHMARK FOR TESTING THE SPEED IN WHICH A 
С COMPLEX MATRIX CAN BE INVERTED AND STORED. 
С 
С WRITTEN BY PROF. M. MORGAN 
С NAVAL POSTGRADUATE SCHOOL 
C MONTEREY CA, 2 MARCH. 1987 
G 
С MATFAC. FOR TO TEST FACTOR. FOR 3/2/87 
COMPLEX A(170,170),B(170,170),D(170),E(170) 
REAL RI,RR 
INTEGER P(170) 
CHARACTER BELL 
CALL TIMER(TIMEO) 
BELL=CHAR(7) 
NMX=170 
С LOADING COMPLEX ARRAY A 
WRITE(*,**) 'ENTER MATRIX SIZE: N | 
READ(*,*) N 
DO 25 I=1,N 
DO 22 K=1,N 
ІК-ІАВ5(І-К) 
EK=EXP( -. 01*IK) 
RR=EK*COS( 1. ОХТК) 
RISEK*SIN(1. O*IK) 
ACI,K)SCMPLX(RR,RI) 
22 B(I,K)=(0. ,0. ) 
25 POST M 
С WRITE(*,*) BELL 
С PAUSE 'BEGIN MATRIX INVERSION' 
С 
CCCC START FACTOR TIMER 
C 
CALL TIMER(TIME1) 
С 
CALL FACTOR(A,P,D,N,NMX) 
C 
CCCC START INVERT TIMER 
С 
CALL TIMER(TIME2) 
С 
CALL INVERT(A,B,P,D,N,NMX,N,NMX) 
б 
СССС START INVERT TIMER 
C 
CALL TIMER(TIME3) 
С 
С WRITE(*,*) BELL 
G PAUSE 'MATRIX INVERTED' 
DO 35 I=1,N 
DO 35 K=1,N 
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55 


53 


OO GOGO 
Un 


100 


10 


20 


S 


IK-IABS(I-K) 
BEAP E OITIR) 
RR=EK*COS( 1. O* IK) 
RI=EK*SIN( 1. O* 1K) 
ACI, K)=CMPLX(RR, RI) 


Doss пе 
DO 44 K=1,N 
D(K)=(0. ,0. ) 

DO 33 L=1,N 

D( K)=D(K)+A(1,L)*BCL,K) 
CONTINUE 

CONTINUE 

11=1 

IN=N 


WRITE(*,100) I,I1,D(Il) 
КОТОК ДОО PDC 
WRITE(*,100) I,IN,D(IN) 
CONTINUE 


SOP MER SAND COMPUTE TOTAL TIME TO 


TIME = TIME2 - TIME! 
WRITE(*,*) ' MATRIX FILL TIME 
TIME = TIME3 - TIME2 

WRITE(*,*) ' MATRIX INVERSION TIME = 
CALL TIMER( TIME4) 

TIME = TIMES - TIMEO 

WRITE(*,*) ' PROGRAM RUN TIME 
On 002105 3X 2(1PE12.3)) 

STOP 

END 


SUBROUTINE FACTOR (A,P,D,N,NMX) 


DIMENSION A(NMX,NMX),D(NMX),P(NMX) 
COMPLEX A,D,DETER 
INTEGER R,P,RM1,RP1,PJ,PR 
DO 60 R=1,N 

DO 10 K=1,N 

D(K)=AC(K,R) 

CONTINUE 

RM1=R-1 

EO PHI ІЛ 1) CO TO за 
DO 30 J=1,RM1 

PISIN 

A(J,R)=D(PJ) 

D(PJ)=D( J) 

JP1-J41 

DO 20 I=JP1,N 

MT DT ACL JACI RJ) 
CONTINUE 

CONTINUE 

CONTINUE 
DMAX=CABS(D(R)) 

P(R)=R 

RP1=R+1 
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EXECUTE PROGRAM 


',TIME,' SECS' 


A TIME, SECS. 


TIME SECS. 


IF(RP1.GT.N) GO TO 41 
DO 40 I=RP1,N 
ELMAG-CABS(D(I)) 
IF(ELMAG. LT. DMAX) GO TO 40 
DMAX=ELMAG 
Р(Е)=1 

40 CONTINUE 

41 CONTINUE 
IF(DMAX. LT. 1. OE-15) PRINT 105,DMAX,R 
PR=P(R) 
A(R,R)=D( PR) 
D(PR)=D(R) 
ТЕ(ЕР1. СТ КО GO TO 51 
DO 50 I=RP1,N 
ACT, R)=D(T)/ACE R) 

50 CONTINUE 

51 CONTINUE 

60 CONTINUE 
FNORM=0. 0 
DETER=(1. ,0. ) 
DO 70 R=1,N 
DETER=DETER*A(R,R) 
DMAG=CABS( DETER) 
IF(DMAG. LT. 1. OE10) GO TO 1 
DETER-DETER* 1. OE - 10 
FNORM-FNORM-* 10. 

1 CONTINUE 
IF(DMAG. GT. 1. OE-10) GO TO 2 
DETER-DETER* 1. OE10 
FNORM-FNORM- 10. 
2 CONTINUE 

IF(ABS( FNORM). GT. 9.0) PRINT 104,DMAG,FNORM,R 

70 CONTINUE 

104 FORMAT (1HO,'CABS(DETER)= ',1PE12.3,' X 10 TO THE POWER ', 

1 ОРЕ5.0, AT COLUMN TS) 

105 FORMAT (1HO,' MAXIMUM PIVOT = ',E13.2,' AT COLUMN ',I3) 
RETURN 
END 


SUBROUTINE INVERE (A B P Y ON NES DEM) 


DIMENSION A(NMX,NMX) , B(NMX, MMX) , PCNMX) , YNMX) 
COMPLEX A,B,Y,SUM 
INTEGER P,PI 
DO 50 L=1,M 
DO 20 I=1,N 
РТЕР(Т) 
Y(I)=B(PI,L) 
B(PI,L)=B(I,L) 
IP1=I+1 
ТЕЛЕ CIS DEED TOS 
DO 10 J=IP1,N 
B(J,L)2B(J,L) -ACJ, D *YCI) 
10 CONTINUE 
11 CONTINUE 
20 CONTINUE 
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30 
> 


40 
50 


Cree 


Сз 


DO 40 K=1,N 
I=N-K+1 

SUM=(0. ,0. ) 

ІР1=1+1 

ШЕ ТЕТ ОТЕМ СО То 31 
DO 30 J=IP1,N 
SUM=SUM+A(I ,J)*B(J,L) 
CONTINUE 

CONTINUE 
B(I,L)2(YCI)-SUM)/A(CI,I) 
CONTINUE 

CONTINUE 

RETURN 

END 


TIMER IS A DSI-780 SPECIFIC SUBROUTINE TO CALL THE 
SYSTEM TIME AND CONVERT IT TO SECS. 


SUBROUTINE TIMER( TIME) 

CALL GTIME(ITIME) 

IHOUR =ISHFTCITIME, -24) 

BD ISHETCOTANDOIOZI T1680, ITTME), -16) 

SEO CSISHEPCIANDCOB280, ITIME), -89 

PSEC, =LAND( 255, 1T IME) 

TIME =( IHOUR*60. 60. -TIMIN*60. +ISEC*1. +IMSEC/100. ) 
RETURN 

END 
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APPENDIX G. NEC3 SAMPLE RUNS ON IBM RT PC 


А. RTG2OUT (MONOPOLE WITH LOSSY GROUND, REQUIRES SOMNTX 
DATA) 


ВВВ ТЕБЕН 


RUNERICAL ELECTROMAGHETICS CODE (XPG1000) 


titttititüttitttttutititttttattattttaáttattt 


- - - - CONMERTS - - - - 


tíátáftítittttttttttttttttttittitititittitetttáatttattitttitittttattit 


TEST PROBLEMS FOR THE NEW REC-) (NECG ALIAS NPSNES) 


tCttttástatitatütittttitiáttáititttittttitttttittitttitetttttitttátetttttiiu 


{2 MCNOPOLE ANTENNA ON A GROUND STARE 


= == STRUCTURE SPECIFICATION = == 


COORDINATES MUST BE IRPUT IB 
NETERS OR BE SCALED TO NETERS 
BEFORE STRUCTURE INPUT 1S ENDED 


WIRE HO. OF FIRST LAST TAG 
RC. ЛІ 11 11 12 ¥2 12 RADIUS 55. SEG. 566, RO. 
l ‚00000 00000 -2.00000 ‚09000 ‚00000 ‚00000 01000 8 l § | 
2 ‚00000 ‚00000 00000 00000 00000 15.00000 01000 10 9 1 2 


TOTAL SEGNERTS USED= 18 NO. SEG. IN A SYNNETRIC CELL= 18 SYNNETRY FLAG= 0 


- MULTIPLE WIRE JURCTIONS - 
JUNCTION — SEGMERTS  |- FOR END 1, + FOR EXD 2) 
КОНЕ 


FREQUENCY= 5000601 MHZ 
WAVELENGTH= .5996E+02 NETERS 
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THIS STRUCTURE 15 NOT LOADED 


- – - ANTERWA ENVIRONNENT = = ~ 


FINITE GROUND.  SOMMERPELD SOLUTION 

RELATIVE DIELECTRIC CONST.- 10.000 

CONDUCTIVITY- .100E-01 MHOS/NETER 

COMPLEX DIELECTRIC CONSTANT: .10000£:02 -.3595]E102 


APPROXIMATE INTEGRATION EMPLOYED FOR SEGHENTS MORE THAN 59.960 METERS AFART 


- - - MATRIX TIMING - - - 


FILL= $2 SEC., FACTOR= | SEC. 


- - - ANTENNA INPUT PARAMETERS - - - 


TAG 560. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (CHMS} ADMITTANCE (NHOS) POWER 
NO. NO. REAL 1446. REAL IMAG. REAL 1840. REAL 1845. (WATTS) 
2 9 .10000Е+01 .000006+00 14592-01 .76103E-02 .53875E+02 -.28097E+02 .14592E-01 .76103E-02 .129628-02 


- - - POWER BUDGET - - - 


INPUT POWER = .1236E-02 WATTS 
RADIATED POWER: .7296E-02 WATTS 
STRUCTURE LOSS= .0000Е+00 WATTS 
RETWORK LOSS ‚0000Е+00 WATTS 
EFFICIERCY 100.00 PERCENT 


н н it 


= = = PAUDATION PATTERNS = - = 


SONUS -- - POWER GAIRS - ЛАТ О с SCR (ТҮП = == > == E(PAL) ==, 
THETA PHI VERT.  HOR. — TOTAL ARIAL TILT SENSE NAGNITUDE PHASE MAGNITUDE PHASE 
DEGREES DEGREES 08 08 08 RATIO DEC. VOLTS/N DEGREES VOLTS/M DEGREES 

„00 .00 82 133 99 55999 -999.9) .00000 ‚00 .00000Е+00 .00 .00000Е+00 .00 
5.00 .00 I РА ‚00000 Q0. LINEAR .545706-01 117.3) 100006400 ‚00 
10.00 ‚00 1905533919015. 85 00000 .00 LINEAR .10912£:00 — 117.71 .00000£:00 .00 
15.00 .00 А 933299 aE .00000 .00 LINEAR „16377Е+00 117.67 .00000Е+00 .00 
20.00 ‚00 ӘӘ - 9.61 .00000 .00 LINEAR .216400Е+00 117.5) .00000Е+00 ‚00 
25.00 „00 ТОЗ -a 00000 .00 LINEAR .412]18E*00 — 117.35 .00000Е+00 .00 
30.00 .00 ОРОЗ --6 19 ‚00000 ‚00 LIREAR 212553E100 ІП „00000Е+00 „00 
35, 00 „00 - 4,240 -999,99 0 -4 44 ‚00000 ‚00 ИЛЕМ -JT900E#00 — 116.81 .00000Е+00 .00 
(0.00 .00 -J.15 S999.399- -).]5 .00000 .00 LINEAR .423326:00 — 116.44 .00000Е+00 .00 
45.00 „00 2201959131039 721119 ‚00000 .00 LINEAR .47623Е+00 115.99 .00000Е+00 ‚00 


2:933: ‚60009 


Т 
кә 


.00 LINEAR SITE UAT .00000E+00 ‚00 
55.00 ‚00 = | БУНА IS 00000 00 LINEAR .55)95Е+00 114.70 00000800 .00 
60.00 .00 151515929593 E 095 00000 00. LINEAR .519)4Е+00 113.18 000007400 ‚00 
65.00 ‚00 СОБСНО 5 00000 .00 LINEAR 992 I6E£00 ІШ Л i .00000Е+00 .00 
10.00 .00 1.00 939.33 1000 .00000 .00 LINEAR .98636Е+00 110.91 .00000Е+00 .00 
15.00 ‚00 О оо .00000 00 LINEAR 995315100 1015 .00000Е+00 .00 
80.00 „00 ОТОО а ‚00000 .00 LINEAR 0810881000 104.8) .000006+00 .00 
15.00 ‚00 “06 3393 ОЕ . 00000 ‚00 LINEAR .)290]7E «00 — 98.5) ‚00000Е+00 „00 
90.00 400 999 99 999 ‚00000 ‚00 .00000F:00 ‚00 .00000Е+00 .00 
0090-00 539099999 50003) .00000 „00 .00000Е+00 .00 .00000Е +00 .00 
5.00 90.00 -21.66 -99999 ILE ‚00000 00 LINEAR .94530Е-01 117.83 00000500 ‚00 
10.00 90.00 -15.65 2939.39 0 ]5 55 „00000 .00 LINEAR 1109128000 117.77 ‚00000Е+00 ‚00 
15.00 90.00 ТОКИ .00000 .00 LINEAR „1637176600 111.67 .00000Е+00 .00 
20.00 90.00 9.62 09109 ‚00000 ‚00 LINEAR 41405500 117.5) 000005400 „00 
45.00 90.00 2109 33 0 153 .00000 00 LINEAR „212186+00 111.35 .00000Е+00 .00 
30.00 390.00 "ра ED .00000 .00 LINEAR .)2653E(00 — 101.11 . 00000 .00 
35.00 90.00 О Оен .00000 ‚00 LINEAR .J1900E£:00 — 116.81 000005400 .00 
(0.00 90.00 с По 9435 IS ‚00000 .00 LINEAR ‚42352Е600 116.44 .00000Е+00 .00 
45.00 90.00 -2.05 -999.99 529% 00000 ‚00 LINEAR „47629Е+00 115.93 .00000Е+00 .00 
50.00 90.00 ОВ У ЕЦ 00000 .00 LINEAR 113031200 115.4 000005100 .00 
55.00 90.00 1.55 930 ер ‚00000 ,00 LINEAR .55358E:00 — 114.70 00000400 .00 
60.00 90.00 LI 0 Е 00000 00. LINEAR .97934Е+00 113.18 000008400 „00 
65.00 90.00 На аа 00000 Q0. LINEAR .59216Е+00 112.51 . 00000400 ‚00 
10.00 90.00 1:06 ::9339:99 2100 ‚00000 .00 LINEAR .58696E'00 110.91 00000500 „00 
15.00 90.00 hone 39) 99 11.51 00000 00 LINEAR „99537Е400 — 108.52 .000006+00 .00 
80.00 90.00 =. ТОМА У ПИО Тр ‚00000 00 LINEAR 4816088000 104.8) ‚00000ЕЁ+00 „00 
85.00 70.00 “6.06 -999.99 — -6.06 00000 .00 LINEAR „32907600 — 38.5) .00000Е+00 .00 
20:000 000 ЕЕЕ N ‚00000 „00 ‚00000Е+00 „00 .000006+00 .00 
AVERAGE POWER GAIN: .49751E+00 SOLID ANGLE USEDIN AVERAGING=(, .5000)*PI STERADIANS. 
"вина DATA CARD NO. 6 RE 0 1 i 21 .50000E+04 .00000Е+00 .00000Е+00 .000005+00 .00000Е+00 .10000 
- - - NEAR ELECTRIC FIELDS - - - 
- LOCATION - = НЕК а "ub E - PEAR FIELDS 
1 1 5 MAGNITUDE PHRASE MAGNITUDE — PRASE MAGNITUDE — PHASE MAGNITUDE 
METERS NETERS NETBRS VOLTS/M — DEGREES VOLTS/N DEGREES VOLTS/N DEGREES YOLTS/N 
5000.0000 ‚0000 „0000 .4125E-05 — 13.55 ‚0000Е+00 ‚00 „1671Е-04 6.92 .1686E-04 
5000.0000 0000 10.0000 .26238-05 44.55 .0000Е+00 .00 „15196-04 15, 40 „15768-04 
5000.0000 0000 20.0000 225235205 45.21 .0000Е+00 .00 „10076-04 25.02 „1626-04 
5000.0000 0000 30.0000 20296-05 50524 00005 +00 „00 І-ШІ) .13608- 01 
5000.0000 0000 40,0000 «2JJ1E-05 46%. ‚0000Е+00 „00 .1319E-04 — (6.26 1301-04 
5000.0000 .0000 50.0000 «22418-05 44.9] .0000Е+00 .00 „9656-04 56.54 12025-04 
5000.0000 0000 60.0000 .2159E-05 — 144.09 00005100 ‚00 „44126-04 65.14 „1426Е-04 
5000. 0000 0000 70,0000 „20148-05 42.11 .0000Е+00 .00 ‚110 Ей 1755 18245-01 
5000.0000 .0000 0 .133J5-05 — ШО .0000Е+00 .00 „16326-00 15.92 .1640E- 04 
5000.0000 .0000 90.0000 19156-05. ИР .0000Е+00 .00 „17116-04 84.99 „17166-04 
5000.0000 0000 100, 0000 ВУ ЕРО 972 .0000::00 ‚00 „19226-04 88.94 .1925E- 04 
5000.0000 0000 — 110.0000 „17738-05 20 .0000Е+00 .00 .2079Е-04 %6 „20518-04 
5000.0000 0000 0 1125-05. 271) 00005100 .00 „22416-04 94,20 .2242Е-04 
5000.0000 .0000 — 130.0000 .16628-05 — 24.11 00005 +00 ‚00 44015-04 95.72 „24078-04 


5000.0000 0000 140.0000 EOS 15.52 .0000Е+00 
5000.0000 0000 — 150.0000 БІЗДЕГІ 17,33 .0000Е+00 
5000.0000 0000 160.0000 .1562E-05 1.98 ‚0000Е+00 
5000, 0000 0000 170.0000 -15336-05 1.57 .0000Е+00 
5000.0000 0000 — 180.0000 УБ БА 211 .0000Е+00 
5000.0000 0000 0 .1986E-05 — -12.00 „0000Е+00 
5000.0000 0000 200.0000 „1626-05 -10.92 .0000Е+00 
навей ДАТА САКО NO. 7 EW 0 0 0 0 .00000Е:00 000006100 


RUN TIME = 121 SECS 


INPUT DATA FILE 


C(Ntttttttttttttltttttttttttlttttttttttttttttttttbttttktttttbthhhi 
CH 

CN TEST PROBLEMS POR THE NEN NEC-) (NECG ALIAS RPGNEC 

СК 


ш Л RRR ERE 
CN 
CH $2 NONOPOLE ANTEMRA ON A GROUND STARE 


- CH 


CE 

GV 1,8,0,0,-2,0,0 
GH 2,10,0,0,0,0,0, 
GP 


RP 0,19,2,1001,0,0,5, 90 
RE 0,1,1,21,5000,0,0,0,0,10 
EA 
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.00 22992501 Cl 
.00 IED — 31:35 
.00 .4901E-04 — 31.55 
.00 20005-55 971.60 
„00 „32236-04 — 96.9) 
.00 „37826-04 96.18 
.00 ІЛЕ 35. T1 
.00000Е100 — .00000E«00 


.00000Е+00 


aseo 
сода) 
„2901Е-64 
.2003Е-04 
.2223Е-04 
05-044 
„395 38Е-04 


000001 


D. RIROM.OUT (RHONIBIC ANIENNA) 


Etttüttttittittutititihtitatttthtttttittttuktitatut 


NUMERICAL ELECTRONAGNETICS CODE (NPG1000} 


"esce CORNER ose = X 


TEST OF NPSREC AS OR C DISK 7 FEB 83 
RHCMBIC ANTENNA HORIZONTALLY POLARIZED 
LEG LENGTH=398.0 FT. 
CENTER WIDTH=314.0 FT. 
APBX ANGLE=44.0 DEGREES. 
HEIGHT ABOVE GROUND=160.0 ЕТ. 
GROUND PARANETERS-EPSILON=80. SIGMA=4. MHOS/N. (SEA WATER] 


CONDUCTOR-AWG NO. 10 WIRE DIA.=0.00425 ЕТ. 


* es STRUCTURE SPECIEICATION - s 


COORDINATES MUST BE INPUT IR 
NETERS OR ВЕ SCALED TO METERS 
BEFORE STRUCTURE INPUT 1S ENDED 


WIRE NO. OF FIRST LAST TAG 
RO. 11 yl 11 12 11 ¿2 RADIUS SEG. SEG. SEG. NO. 
1 ‚00000 00000 160.00000 366.08200 157.00000 160.00000 00425 40 1 40 1 
à 366.08200 157.00000 160.00000 0 .00000 160.00000 00425 40 4 80 2 


STRUCTURE REFLECTED ALONG THE AXES Y . TAGS INCREMENTED BY 2 
STRUCTURE SCALED BY FACTOR 30480 


GROUND PLANE SPECIFIED. 


WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE. 


TOTAL SEGNENTS USED= 160 AC. SEG. IN A SYHNETRIC CELL= 80 SYMMETRY FLAG: 1 
STRUCTURE HAS 1 PLANES OF SYMNBTRY 


- MULTIPLE WIRE JUNCTIONS - 
JUNCTION — SBGNENTS (- FOR ЕМО 1, + FOR END 2} 
КОНЕ 


FREQUENCY= .1000Е+02 МН2 
WAVELENGTN= .2998F102 METERS 


- - - STRUCTURE IMPEDANCE LOADING - - - 


LOCATION RESISTANCE INDUCTANCE CAPACITANCE ]MPEDANCE (0885) CONDUCTIVITY ТІРЕ 
ITAG FROM THRU OHMS HENRYS FARADS REAL INAGINARY — HHOS/HETEF 

1 40 40 .)000Е+0) SER 

( 40 40 .)000F10) SER 


- - - ANTENNA ENVIRORMENT - - - 
FINITE GROUND. REFLECTION COEFFICIENT APPROXIMATION 
RELATIVE DIELECTRIC CONST.= 80.000 


CONDUCTIVITY= .400E+01 NNOS/NETER 
CONPLEX DIELECTRIC CONSTANT= .80000E+02 -.719026+04 


APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS NORE THAN 29.980 METERS APART 


- = - MATRIX TINING - - - 
FILL: 260 SEC., FACTOR= 51 SEC. 


MARIMUM RELATIVE ASYHMETRY OF TRE DRIVING POINT ADMITTANCE MATRIX I$ .165E-06 FOR SEGNENTS — 81 AND 1 
RNS RELATIVE ASTHMETRY IS „1652-06 


- - - ANTENNA INPUT PARAMETERS - - - 
TAG SEC. VOLTAGE (VOLTS) CURRENT (АМР) INPEDANCE (OHNS) ADMITTANCE (MHOS) POWER 
NO. RO, REAL INAC. REAL IMAG, REAL IMAG. REAL КАС. (WATTS) 


| i 50000809 .00000+00 .11464E-02 -.56029E-03 .35205E+03 .17206£+03 .22928E-02 -.11206E-02 .28660E-03 
J 81 -. 50000800 „00000Е400 -,11464Е-02 0 .56029E-03 135205840) 1172068403 .22928E-02 -.11206E-02 .286605-0) 


- - - POWER BUDGET - - - 


INPUT POWER = .5732E-0) WATTS 


- - ANGLES - - 
THETA PRI 

DBGREBS DEGREES 
30.00 .00 
45.00 .00 
40.00 „00 
15.00 „00 
10.00 „00 
65.00 .00 
60.00 .00 
35.00 .00 
50.00 „00 
45.00 „00 
40.00 ‚00 
15.00 „00 
10.00 .00 
25.00 „00 
20.00 „00 
15.00 „00 
10.00 „00 
5.00 „00 
„00 „00 
29.00 .00 
-10.00 „00 
- 15.00 „00 
- 10.00 „00 
229.00 .00 
-30.00 „00 
- 15.00 „00 
- 40.00 „00 
- 45.00 „00 
-50.00 „00 
“31.00 „00 
-60.00 „00 
-65.00 .00 
-10.00 .00 
-15.00 „00 
-80.00 .00 
-85.00 „00 
-96.90 „00 


RACIATED PORER: 
STRUCTURE LOSS= 
NETWORK LOSS = 
BEFICIENCY = 


-2881E-03 WATTS 
2851-03 WATTS 
.0000E+00 WATTS 
50.21 PERCERT 


- - = RADIATION PATTERNS = = - 


- POWER GAINS - == = POLARIZATION - - - 
VERT. HOR. Тоты AXIAL TILT — SENSE 
DB DB DB RATIO DEG. 
9 ЕЗ), .00000 .00 
-133.39- ӘР 15.01 00000 -90.00 LINEAR 
ОБОРЕ 00000 -90.00 LINEAR 
OUI MIL .00000 -90.00 LINEAR 
SE wero! 00000 -90.00 LINEAR 
213025 11:3: 190133 00000 -90.00 LINEAR 
Р 00000 -90.00 LINEAR 
-1)5 11 SILI IIT 00000 -90.00 LINEAR 
ӘНЕ 93:905 252210 .00000 -90.00 LINEAR 
УВ SO Уы 00000 90.00 LINEAR 
“AIS 0165 s 015 .00000 -90.00 LINEAR 
111.41, 15:0 во 00000 -90.00 LINEAR 
ІСІ Pp 30 ( 00000 -90.00 LINEAR 
TOE OO 08 00000 -90.00 LINEAR 
ЕЕЕ .00000 90.00 LINEAR 
РЈ ОБ SLs 111] 00000 -90.00 LINEAR 
“tO AUD EH 00000 -90.00 LINEAR 
2130-26 3:3] ON 00000 90.00 LINEAR 
СОО 29092 OD 00000 90.00 LINEAR 
ИВ 55:32:05 5552 00000 -90.00 LINEAR 
00 а не 213 00000 —-90.00 LINEAR 
“149.06 -36.54 -36.54 00000 -90.00 LINEAR 
СОБУ Ро .00000 -90.00 LINEAR 
ООБУ Т 00000 90.00 LINEAR 
"141050 01 2 2) 2 00000 -90.00 LINEAR 
“144.59 11.10 0 00000 -90.00 LINEAR 
$191.95. UNO 00000 90.00 LINEAR 
Cy OTT ITT 00000 90.00 LINEAR 
DSS 2) 520 5521.2 00000 90.00 LINEAR 
-155.66 -44.48 -44.48 .00000 -90.00 LIREAR 
*119.19. = ЛЕЛЕ КЕ 00000 90.00 LINEAR 
“154.03  -3.60  -8.60 00000 90.00 LINEAR 
ОДО ЕО 5 25 .00000 -90.00 LINEAR 
“ІШ ОК 00000 90.00 LINEAR 
219059) A 00000 90.00 LINEAR 
-162.37 Er -14 .00000 -90.00 LINEAR 
171.39 -99339913 ‚00000 .00 


- 5 7 ОПОВНАБЕЗЕО ӨЛДІҢ; --2-4- 


HORIZONTAL GAIN 


NCRNALIZATION FACTOR = 17.95 DB 


- - - E(THETA) - - - 
NAGHITUDE PHASE 
VOLTS/N DEGREES 
„000006400 .00 
185626-0] -178.03 
30887-07 45.01 
.52600E-08 — 143.74 
25829-07 -45.78 
„171807E-07 -16.45 
.22104E-07.— -106.4 
21031-07 48.14 
.61808E-08 — 146.21 
.10636E-0] — -14.52 
.19084E-01 — 86.6) 
45785-07 -8.75 
„58401E-08 102.5) 
„11858E-07 26.5] 
22092-07 3.81 
аин 46.11 
„11637E-07 -21.80 
.18000E-07 — -54.06 
1595-08. -165.96 
.13065-07.— -12.5) 
.1122E-02.— -112.25 
„13028E-07 -43.40 
„48601E-08 8.1) 
.1833358-07.— -71.0 
„13872-08 120.96 
„10934-07 170.54 
.S0116E-08 -116.57 
.52293Е-08 -81.47 
ITS2IE-08 -164.62 
.)05435-08 — 15.95 
62921E-08 125.54 
.J6868E-08 -56.98 
A0)8E-08 — 82.81 
.18097E-08 -58.39 
„55103-08 -104.68 
10118-08 11.51 
00000600 .00 


= ВІРИ GE 
MAGNITUDE PHASE 
YOLTS/M DEGREES 
000008 +00 „00 
1510901 0 
НЕНІ -47.05 
„671896100 -70.41 
„41361Е400 0 76.27 
.68304E*00 — 35.15 
.2M05E*00 — -11.23 
.103793Е-01 ИЕ 
.63580E-01 125 
.25628Е+00 -62349 
.29943Е+00 -11ER 
.30059E-01 161.08 
„66518Е-01 1.99 
„411276-0 19637 
. 156528-01 9.80 
191415-02. DS 
l0780E«00 — 123.63 
.$3009E-01 —— 30.4) 
.5919E-02. - 11300 
.91510E-01 ІШІ 
„455816-01 ГЛ 
„27614Е-02 124.01 
„162405-01 146.54 
122028-01 -99.44 
„141856-01 0 -116.58 
.25896£-0] - 
„ТЕВТЕ-01 -46.48 
.57661Е-01 -14.47 
„27628-01 = 
110148-02 DITS 
‚16223 =01 -191E 
„689106-01  -132.63 
.56301E-01 -163.56 
„106326+00 -12.54 
.24138E100 — -35.40 
.20186E*00 -49.46 
00000500 „00 


Se ANGLES - - GAIN z ANGES = = GAIN 
THETA PHI DB THETA PHI DB 
DEGREES DEGREES DEGREES DEGREES 

90.00 .00 -1017.94 25.00 200 — 5531703 
05.00 ‚00 2.08 20.00 00 OKO 
$0.00 ‚00 ‚00 15.00 00 -4.0 
15.00 .00 zs 10.00 :00 DO 
10.00 ШІ 0% 5.00 200. 2] 3) 
65.00 ‚00 25:63 .00 00 — -(0.88 
60.00 00 IS9 -5.00 0 — 24.0 
55.00 .00 — -40.18 -10.00 .00 — -30.14 
50.00 20 “аты -15.00 .00 — -54.43 
45.00 20005-12721 -20.00 2000 2987 00 
10.00 200927 13513 -25.00 00 41 59 
35.00 0-1,6 - 30.00 00 — -40.28 
30.00 00 -26.86 

tetet АТА САКО МО, 10 EX 0 0 0 О 00000600 


RUN TIME = 39] SECS 


INPUT DATA FILE 


CH TEST OF RPSNEC AS ON C DISK 7 FEB 8) 

CH RRONBIC ANTENRA BORIZONTALLY POLARIZED 

CH LEG LENGTR=398.0 FT. 

CM CENTER WIDTH=314.0 FT. 

CH APEX ANGLE=44.0 DEGREES. 

CH HEIGHT ABOVE GROUND=160.0 FT. 

CH GROUND PARAHETERS-EPSLLCN=80. SIGNA=4. HHOS/H. (SEA WATER) 
CE CONDUCTOR-AWG NO. 10 WIRE DIA.=0.00425 FT. 
GH1,40,0.0,0.0, 160.0, 366.082, 157.0, 160.0,0.00425 

Сид, 40, 366. 082, 157.0,160.0, 732. 164,0.0,160.0,0.00425 

612,010 

650,0,0.304801 

GP 

GE] 
FRO,0,0,0,10. 
GHO,0,0,0,80. 
00, 2,40, 10,3 
000,4, 40, (0, ) 
ЕХ0,1,1,0,0.5 
МЕ-І 
EX0,3,1,10,-0.5 

Tl 
RP0,J1,1,1401,90.0,0.0,-5.0,0.0 
EN 


4.0 


0 
0, 
00.0 
00.0 
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= = ANGLES = = 

THETA PHI 
DEGREES DEURSES 
- 35.00 „00 
- 40.00 „00 
- 45.00 „00 
-50.00 .00 
-$5.00 .00 
-60.00 ‚00 
-65.00 .00 
-10.00 .00 
-15.00 „00 
-80.00 „00 
- 5.00 „00 
-90.00 .00 
000005100 .00000Ё+00 


GAIN 
DB 


- 35.05 
225.43 
520,12 
-41.20 
-62.43 
РЕЙ 
-16.55 
-28.30 
ШІЛІК 
-15.4% 
21 
-1017.94 


‚00000Е+00 


000008100 


.00000Е +00 


С. RTDP49.0UT 9 SEGMENT CENTER TLD ЕЕ) 


аалава дава ааа а аавва а ца ааслаааа аа цаца бваладад 


NUMEPICAL ELECTROHMAGNETICS CODE (NPGIOQQ) 


- - - = CONNENTS - - - - 


DIPOLE WITH 49 SEGMENTS 


= e ~ STRUCTURE SFECIFICATI GSi = 


COORDINATES HUST BE INPUT Ii 
NETERS CR BE SCALED TC METERS 
BEFORE STRUCTURE INPUT IS ENCED 


WIRE NC. CF (ТІКІ МО! TAG 
10. 11 11 ¿1 12 12 ¿2 RADIUS — SEG. SEG. SEG. NO. 
1 ‚00000 .00000 00000 ‚00000 ‚00000 ‚50000 00001 49 l 49 1 


TOTAL SEGNENTS USED= 49 RQ. SES. IN A SYNNETRIC CELL= 43 SYNNETRY FLAG= 0 


- MULTIPLE WIRE JUNCTIONS - 
JUNCTION —— SEGHENTS (= FOR END 1, * FOR END 2) 
NONE 


FREQUENCY= .2998E+03 МАО 
WAVELENGTH= .1000E+01 METERS 


- - = STRUCTURE INPEDANCE LOADING - - - 


THIS STRUCTURE IS NOT LOADED 


- - = ANTENNA ENVIRCNNENT - - - 


FREE SPACE 


APPROXIMATE INTEGRATICN EMPLCYED FOR SEGMENTS NORE THAN 1.000 METERS APART 


- - = MATRIX TIMING - - - 


FILL= 40 SEC., FACTOR= 6 SEC. 


- > ANTENNA INPUT PARAKETERS - - - 
TAG SEG. VOLTAGE (YCLTS] CURRENT (АНР5) INPEDANCE (CHNS) ADNITTANCE (MHCS) POWER 


HO. HO. REAL ITUR REAL INAG. REAL INAG. REAL IMAG. (WATTS) 
1 25 110000501 .000006+00 .956256-02 -.55803E-02 780106102 .4552JE+02 .95625E-02 -.55803E-02 .47812E-02 


- - = POWER BUDGET 


INPUT POWER = .4781E-02 WATTS 
RADIATED POWER= .4781E-02 WATTS 
STRUCTURE LOSS: .0000Е+00 WATTS 
NETWOPR LOSS = .0000Е+00 WATTS 
EFFICIENCY = 100.00 PERCENT 


ПІСІП KO. £ BN 0 0 0 0 .00000:00 .00000£+00 .00000Е+00 .00000E+00 .00000E+00 .000006+00 


RUN TIME = 50 SECS 
INPUT DATA FILE 


CE — DIPOLE WITH 49 SEGHENTS 
GH 1,49,0,0,0,0,0,.5,.00001 
GP 

GE 

EX 0,1,25 

PT -1 

XQ 

EN 


APPENDIX ll. NEC3 SAMPLE RUNS ON DEFINICON DSI-780 BOARD 
A. G2DSLOUT (MONOPOLE WITII LOSSY GROUND, REQUIRES SOMNTX 
DATA) 


RUMERICAL ELECTROMAGNETICS CODE [RPG1000) 


наннан ніні іні 


- - - = COHMENTS - - - - 


ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttti 
TEST PROBLEMS FOR TRE KEW NEC-) (NECG ALIAS RPGNBC] 
tttttttttttttitttttttttttttittttttttttttttttttttttttttttttttttit 


12 MOROPOLE ANTERRA ON A GROUND STAKE 


~ = ~ STRUCTURE SPECLFICATLON - - - 


COORDINATES NUST BE INPUT IN 
METERS OR BE SCALED TO NETERS 
BEFORE STRUCTURE INPUT IS ENDED 


WIRE RO, OF FIRST LAST TAG 
№. 11 Yl 21 12 12 12 RADIUS 560. SEG. SEG. КО, 
| 00000 00000 — -2.00000 00000 00000 00000 01000 8 | § 1 
2 00000 00000 00000 00000 00000 15.00000 01000 10 9 18 2 


TOTAL SEGKENTS USED= 18 AO. SEG. LH A SYMMETRIC CELL= 18 SYMMETRY FLAG: 0 
- NULTIPLE WIRE JURCTIORS - 


JUNCTION — SEGNENTS (- FOR END 1, + FOP END 2) 
RORE 


FREQUENCY=  .5000E*0] MIZ 
WAVELENGTH= .59968+02 METERS 
= = > STRUCTURE IMPEDANCE LOADING = - - 
THIS STRUCTURE IS NOT LOADED 
- - - ANTERRA ENVIRONMENT - - - 
FINITE GROUND.  SONMERPELD SOLUTION 
RELATIVE DIELECTRIC CONST.= 10.000 


CONDUCTIVITY= .1008-01 MROS/MBTER 
COMPLEX DIELECTRIC CONSTANT:  .10000E:02 -.35951 £102 
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Friday, Rovember 25, 1988 Page 2 
APPROXIMATE INTEGRATION EMPLOVED FOR SEGNERTS MORE TRAN 59.960 METERS APART 
- = = NKIRIK TINIBG = = = 
НЫ 56.301 SEC., FACTOR: ІС. 
- - - ARTENRA INPUT PARANETERS - - - 
TAG SEC. VOLTAGE (¥CLTS) CURRENT {ANFS) IMPEDARCE (0815) ADNITTANCE (WHOS) POWER 
NO. RO. REAL INAG. REAL IMAG. REAL IMAC. REAL IMAG. (WATTS) 
2 9 .10000Е+01 .00000Е+00 .89225E-02 -.357768-02 .965538+02 .38714E+02 .892258-02 -.357768-02 .446128-02 
=== POWER BUDGET = > "= 
INPUT POWER = .44618-02 WATTS 
RADIATED POWER: .4(461E-02 АТТ 
STRUCTURE LOSS: .0000E*00 WATTS 
RETWORK LOSS = .00008+00 WATTS 
EFFICIENCY = 100.00 PERCENT 
~ < = RADIATION PATTERNS - - - 
E NOLES = - POWER GAINS - ГОК E E <, 
THETA PAI VERT. HOR. TOTAL AXIAL TILT SENSE MACRITUDE — PHASE NAGRITUDE PHASE 
DEGREES DEGREES DB DB DB RATIO DEC. VOLTS/N DEGREES VOLTS/M DEGREES 
„00 пи радар 999.99 за9 99 .00000 .00 .000006+00 .00 .000008+00 .00 
5.00 .00 -2).0b -299.33 P 6 .00000 .00 LINEAR „339396-01 66.38 000008400 „00 
10.00 00 -11.6) -999.99 -11.5) .00000 .00 LINEAR .679378-01 66. 30 000008100 .00 
15.00 .00 210910533399 0 .00000 .00 LINEAR .102026+00 66,17 .00000Е+00 .00 
20.00 .00 С 999 396 |[ 59 .00000 .00 LINBAR .176176+00 65,99 000005500 „00 
25.00 „00 :3-5552399.99 52,0% ‚00000 .00 LINEAR „1104800 65.15 ‚00000Ё+00 ‚00 
30.00 „00 :86:085.-399.99 5 -8.08 .00000 .00  LIREAR 208018400 65.46 000008400 .00 
35.00 .00 E LS .00000 .00 LINEAR .231008500 — 65.IQ 000008400 „00 
40.00 .00 259615-132 6! 00000 .00 LINEAR 2689058400 — 64.67 000008400 00 
45.00 „00 OT OOO TN 00000 .00 LINEAR 498705500 — 64.15 .000002:00 .00 
50.00 .00 44115599944 Кс; 00000 00. LINEAR .)25502+00 6.52 .000006+00 .00 
55.00 .00 -3.44 -999.99 -J4 00000 .00 LINEAR 20015000 62.15 000008400 „00 
60.00 00 212015:333:19 3535 01 ‚060000 .00 LINEAR 364608400 61.78 .000008:00 „00 
65.00 .00 ОО! 27H .00000 .00 LINEAR „373038400 60.5) .00000Е+00 .00 
10.00 .00 ТІГЕ 291 .00000 00. LINEAR „31006Е+00 58.8] 000008400 .00 
15.00 „00 231805.:999.99 223.38 .00000 .00 LINEAR „350385+00 56.39 000008 #00 „00 
$0.00 .00 РЕЛЕСІ 62 .00000 00. LINEAR „303908400 52.68 000005400 „00 
85.00 „00 ЕН 999.9 520292 00000 00. LINEAR .401118900 — 46.36 000005100 „00 
90.00 „00 -999.99 -999.99 -999.99 00000 „00 000005100 „00 000008400 „00 
mou 30.00 — -999.99 -999.99 -999 99 ‚00000 „00 000008 #00 „00 000008400 „00 
5.00 90.00 -23.66 -999.99 -23.66 00000 .00 LINEAR 29900 6.) 00000500 .00 
10.00 90.00 16) 999.99 -11.63 00000 .00 LINEAR ~67937B-01 6.70 000008400 „00 
15.00 90.00 а 10 = 999.99 11.10 00000 00 LINEAR 102028100 — 66.17 000008400 „00 
20.00 90.00 -10.59 -999.99 =11.59 00000 „00 LINEAR „136178400 65,99 ‚00000Ё+00 .00 
45.00 90.00 -9.65 -999.39 -9.65 00000 .00 LINEAR -170246400 65.15 000008400 .00 
30.00 90.00 -8.08 -999.99  -8.08 00000 .00 LINEAR „204018400 65.46 000002400 „00 
35.00 90.00 SLC -999.99 6 00000 00 LINBAR .2)1082+00 65.10 000008400 „00 
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40.00 90.00 -5.68 -999.99 -5.68 00000 400 LINEAR .468906+00 64.61 00000-00 .00 
45.00 90.00 ӘСІП 3999 99 3511 00000 400 LINEAR ‚29410Ё+40 61.15 „00000Е+00 .00 
50.00 90.00 - 1:02. -999 5 - 02 00000 .00 LINEAR .325508+00 2 .000008+00 .00 
55.00 90.00 ТТТ ІНГІ 00000 .00 LINEAR ШЕН 62.15 000008400 .00 
60.00 90.00 :3,00:5933.39 ГТ .00000 00  LIREAR „364608400 — 61.74 000008400 .00 
65.00 90.00 -2.84 -999.99 -2.84 00000 00. LIREAR .212303Е+00 2 00000800 .00 
10.00 30.00 -2001 -995 E .00000 .00 LINEAR .210066+00 58.81 000008400 ‚60 
15.00 70.00 -3.3$-999.39 —3 9f 00000 00 LINEAR 350388400 — 56.33 „00000Е+00 „00 
80.00 70.00 14 В) 933 99 иа .00000 .00  LIREAR „203908400 — 52.61 .00000Е +00 „00 
$5.00 70.00 ӘР НІ 32 00000 .00 LINEAR 420011188000 6.6 000008400 .00 
90.00 90.00 -999.99 -999.99 -999.99 00000 „00 000008400 „00 000008500 ‚00 
AVERAGE POWER GAIR= .J22118+00 SOLID ANGLE USEDIN AVERAGIRG=(, .5000]!P] STERADIARS. 
= = = MEAL ELECTRIC FIELDS 
- LOCATICN - = ERs ИЕ - 4 - - PEAK FIEL 
05 = 
1 | 5 MAGNITUDE PRASE MAGNITUDE — PRASE MAGNITUDE PRASE MAGNITUDE 
METERS METERS NETERS VOLTS/M DEGREES YOLTS/N — DEGRRES VOLTS/N DEGREES YOLT5/N 
5000.0000 „0000 „0000 .11202-05 = -8..63 00008400 .00 .10558-04 — -45.25 „10648-04 
5000.0000 0000 0 „169605095 -7.61 00008400 .00 .95928-05 -36.78 .91018-05 
5000.0000 0000 0 ТОНОО -6.96 00008400 „00 „08618-05 -21.16 .90068-05 
5000.0000 0000 0 „15708-05 -6.66 .0000Е +00 .00 O15 72170. .15816-05 
5000.0000 .0000 40.0000 „14158-06 -6.7) .00006+00 „00 ІЛІП 5977 8591-05 
5000.0000 .0000 50.0000 „14198-05 -7.20 .00006+00 .00 «8495-05 1.36 „ЗБОВЕ- 05 
5000. 0000 0000 60.0000 „1963-05  -8.08 0000800 „00 «49158-05 — 13.51 .90051-05 
5000.0000 .0000 70.0000 13105 0 99 41 „0000Е+00 00 -95366-05 ДЕЛ „9603Е- 05 
5000. 0000 .0000 ?0.0000 1250805 -11.19 00008400 .00 A031 5-04 5 .10358-01 
5000.0000 .0000 90.0000 „1205205 7131.41 00008 +00 00 1105-04. 32.2 .1122E-04 
5000.0000 0000 100.0000 .11638-05 — -16.25 00008400 „00 МЕС ОП „12156-04 
5000.0000 0000 — 110.0000 .11208-05 — -19.58 .0000Е+00 .00 HILO УИ .13HE-04 
5000.0000 0000 — 120.0000 „1081Е-05 -23:05 ‚0000Е+00 „00 „14158-04 42.0) „14158-04 
5000.0000 0000 — 130.0000 10495-05 — -21.16 00008 +00 .00 15198-04 4), 55 „15206-04 
5000.0000 0000 — 140.0000 .102265:05 « -32. 55 00008400 „00 „16205-04 7 „16208-04 
5000.0000 0000 150.0000 .1000£-05 -38.18 .0000Е+00 .00 „17286-04 45.17 1124-04 
5000.0000 0000 0 .98648-06 -44.19 .0000£400 .00 „18718-04 45.31 „18318-04 
5000. 0000 0000 — 170.0000 .9815E-06 -50.60 .0000Е+00 .00 „1970-04 45.2) „19348-04 
5000.0000 0000 180.0000 .98635-06 — -51.23 00008 +00 
Programged STOP 
„00 „20358-04 44.76 .2035Е-01 
5000.0000 0000 0 ІШЕ» 600 00005400 .00 .21)56-04 (4.01 „21358-04 
5000. 0000 .0000 0 «1026605 -11.09 .0000E+00 00 „22346-04 12.00 „22348-04 
titt DATA CARD RO. 7 EN 0 0 0 0 .000006+00 .000006+00 00000800 000008400 000008400 000 
005 +00 
RUN TIME = 88.859 


‘tt INPUT DATA SET 


t 
(Ntttttttttttttttttttttttttttttttttlttttttttttittttttttttttttttti 


CN 
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CH TEST PROBLENS FOR TRE REX NEC-) INECC ALIAS RPGNECI 
CN 


CNtts013444444440440t660qQitttitititatittttttttttttttttttitetetttt 


CH (2 NONOPOLE ANTENNA ON A GROUND STAKE 


GW 1,8,0,0,-2,0,0,0,.01 
68 2,10,0,0,0,0,0,15,.01 


RP 0,19,2,1001,0,0,5,90 
NE 0,1,1,21,5000,0,0,0,0,10 
ER 
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B. ROMBCDSI.OUT (RHOMBIC ANTENNA) 


NUMERICAL ELECTROMAGNETICS CODE INPGIOQQ! 


ФЕВ ЕЕЕ 


- - - - COMMENTS - - - - 


RRONBIC ANTENNA HORIZONTALLY POLARIZEO 

LEG LENSTH=398.0 FT. 

CENTER WIOTH=J44.0 FT. 

APEX ARGLE=44.0 DEGREES. 

HEIGHT ASOVE GROUNO=160.0 FT. 

GROUNO PARAMETERS-EPSILON-80. SIGHA=4. HHOS/M. (SEA WATER! 
CONDUCTOR-AWG HO. 10 WIRE O1A.=0.00425 FT. 


= >> STRUCTURE SPECEEICADION S es 
COOROINATES MUST BE INPUT IN 


METERS OR BE SCALED TC METERS 
BEFORE STRUCTURE INPUT IS ENDED 


WIRE МО. СЕ FIRST LAST TAG 
RO. 1! 1! {1 12 17 12 RADIUS 586, SEG. SEG. NO. 
l .00000 00000 160.00000 366.08200 151.00000 160.00000 ‚606425 40 1 10 1 
à 366.08200 157.00000 160.00000 732.16400 00000 160.00000 00425 (0 а 80 2 


STRUCTURE REFLECTEO ALONG TRE AXES Y . TAGS IHCREMERTEO BY 2 
STRUCTURE SCALEO BY FACTOR 30480 


GROUND PLANE SPECIFIEO. 
WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLARE. 
TOTAL SEGMERTS USED= 160 NC. SEG. IY A SUNMETRIC CELL= 80 SYMMETRY FLAG= 1 


STRUCTURE HAS i PLANES OF SYMNETRY 


- MULTIPLE WIRE JUNCTIONS - 
JURCTION  SEGHENTS (- FOR END I, + FOR END 2) 
RONE 


FREQUENCY: .1000E+02 NH? 
NAVELENGTH= .2938E+02 METERS 


- - - STRUCTURE IMPEQANCE LOAQING - - - 


LOCATION RESISTANCE — INDUCTANCE CAPACITANCE INPROANCE (OHNS) CONDUCTIVITY ТІН 
ITAS FROM TRRU CHNS BENRTS FARADS REAL IMAGIRARY — HHOS/METER 


64 


RONBCDSI.OUT Friday, November 25, 1988 Page 2 
2 40 40 .2000Е+0) SER 
4 40 40 .30008103 SER 
- - - ANTENNA ENVIRONMENT - - - 
FINITE GROUND. REFLECTION COEFFICIENT APPROXINATIOR 
RELATIVE DIELECTRIC CONST.s 80.000 
CONDUCTIVITY= .4008401 MHOS/NETER 
COMPLEX DIELECTRIC CONSTANT= .800006+02 -. 719028408 
APPRORIMATE IRTEGRATICN EMPLOYED FOR SEGMENTS MORE THAN 29.980 METERS APART 
= = ИУ МАТА - - = 
FILL= 244.914 SBC., FACTOR= 53.21] SEC. 
MAXIMUM RELATIVE ASTMMETRY CF THE DRIVING POINT ADMITTANCE MATRIX 1S .137Е-06 FOR SEGNENTS 81 ARD 1 
RMS RELATIVE ASYMMETRY IS .137B-06 
- - - ANTENNA IRPUT PARAMETERS - - - 
TAG 686. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTARCE (MACS) POWER 
NO. RO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS) 
1 ] .50000£:00 .00000£400 .11464E-02 -.56029E-03. .35206E103. .172068103. .22928E-02 -.11206E£-02. .28660E-0) 
J $81 -,500006+00 .000006+00 -.11464E-02..56029£-03. .35206E:03. .172066+0) 22928-02 -.112065-02 .286608-0) 
== = POWER BUDGET С 
INPUT POWER = .5732B-03 WATTS 
RADIATED POWER= .2881E-03 WATTS 
STRUCTURE LOSS= .28518-03 WATTS 
RETWORK LOSS = .0000Ё+00 WATTS 
EFFICIENCY = 50.27 PERCENT 
~ == RADIATION PATTERNS - - - 

- - ARGLES - - - POWER GAINS - SEE TODAMIZADIDNEE E Е eR TETAS = = = R E e, 
THETA РН! VERT. HOR. TOTAL AXIAL TILT SENSE MAGNITUDE PHASE MAGMITUDE — PHASE 
DEGREES DEGREBS DB DB DB RATIO DEG. VOLTS/N DEGREES VOLTS/N DEGREES 
30.00 00 -999.99 -999.99 -999.99 00000 „00 .00000Е+00 .00 .00000Е+00 .00 
15.00 .00 -138.96 15.87 15.87 „00000 90.00 LINEAR .208968-07 — 12.51 .115238+01 -32.92 
80.00 ШІ -134.44 17.95 11.95 00000 -90.00 LINEAR „35148-07 -168.32 1106468101 -47.05 
15.00 D N 11.26 T.26 .00000 -90.00 LINEAR .158358-07 152.21 «ТІНІН -70.41 
10.00 «00 -143.34 6.97 6.97 00000 -90.00 LINBAR .126208-07 — -50.6) 411080 16.17 
65.00 00 190055 | предани 11.33 00000 —-90.00 LINEAR .550248-07 — -90.32 „683038400 — 35.15 
60.00 Шаа 21 21.2 2.02 00000 $90.00 LINEAR .56830£-07 -82.33 „234058400 -11.28 
$5.00 202 1103502532232. 702703 00000 —-90.00 LINEAR 44.56 ,.103548-01. -114. 88 


„191358-01 
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50.00 
(5.00 
40.00 
35.00 
30.00 
15.00 
20.00 
15.00 
10.00 
5.00 
„00 
-5.00 
-10.00 
-15.00 
-20.00 
-25.00 
-)0.00 
-35.00 
-40.00 
-45.00 
-50.00 
-55.00 
-60.00 
-65.00 
-70.00 
-15.00 
-80.00 
-85.00 
-90.00 


- - MGLES - - 


THETA 


PRI 


DEGREES DEGREES 


90.00 
85.00 
80.00 
15.00 
10.00 
65.00 
60.00 
55.00 
50.00 
(5.00 
(0.00 
35.00 
20.00 


Programmed STOP 


NO. 10 


BA 


0 


“DESI 
-143.48 
-140.02 
-136.70 
"141: 
-145.28 
-143.51 
-Ht. 
-148.21 
-15),49 
-1)1.80 
-142.39 
-138.85 
1921) 
-146.47 
-147.96 
-145.67 
“151.11 
“157.04 
“148.51 
FD 
-156.37 
153105 
-153.62 
-146.31 
-160.13 
-150.40 
“HEN 


23230 
5.61 
4.16 

- 15.80 
-1.90 
-1).08 
ШЧ 
22123) 
-4.11 
ТП 
-29.92 
-6.52 
-12.18 
-36.54 
-11.15 
-23.63 
22.32 
-17.10 
ти 
“1011 
-23.24 
-44.0 
-21.16 
-4.60 
-10.35 

-4.8[ 
2.51 

T 


по Јо 
5.67 
4.16 

- 15.80 
-8.90 
-13.08 
“AN 
“111 
zo | 
ЕУ 
5 4252 
-6.52 
-12.18 
-36.54 
-11.15 
БЕЗ 
211017 
19 
-8.18 
-10.11 
-13.24 
“40.407 
-21.16 
-8.60 
-10.35 
-4.8) 
2.51 
H 


ИК oe aes 


GAIN 
08 


-1017.94 
-1.08 
„00 
-6.69 
-10.98 
-6.6) 
- 15.93 
-40.18 
-21.25 
“12.28 
z 19-15 
-33.16 
-26.86 


0 0 


Friday, November 25, 1988 


00000 
00000 
‚00000 
00000 
00000 
‚00000 
.00000 
.00000 
00000 
00000 
‚00000 
00000 
00000 
00000 
. 00000 
00000 
00000 
00000 
00000 
‚00000 
‚00000 
‚00000 
‚00000 
.00000 
00000 
‚00000 
‚00000 
00000 
00000 


-90.00 
90.00 
-90.00 
-90.00 
90.00 
-90.00 
-90.00 
-90.00 
90.00 


LINEAR 
LINEAR 
LINEAR 
LINEAR 
LINEAR 
LIREAR 
LINEAR 
LINEAR 
LIREAR 
LINEAR 
LIABAR 
LINEAR 
LINEAR 
LINEAR 
LINEAR 
LIREAR 
LINEAR 
LINEAR 
LINEAR 
LINBAR 
LINBAR 
LINEAR 
LINEAR 
LINEAR 
LINEAR 
LINEAR 
LIABAR 
LINEAR 


- - + - HORMALIZED GAIN - - - - 


RORLZORTAL GAIN 
NORMALIZATION FACTOR = 


- - ARGLES - - 
TRETA PRI 

DECREES DEGREES 
25.00 00 
20.00 „00 
15.00 „00 
10.00 „00 
5.00 ‚00 
„00 „00 
-5.00 .00 
-10.00 .00 
215100 „00 
- 20.00 00 
- 15.00 „00 
-30.00 „00 


GAIN 
DB 


“31,00 
9427 
-45.28 
-22.66 
= 21530 
-47.84 
-24.47 
- 0.14 
-54.49 
23910 
153 
-40.11 


17.95 DB 


„34871Е-07 
„124168-07 
„184908-07 
.210958-07 
147348-0) 
„100972-07 
.123728-01 
‚10445®-01 
10321-04 
392 39B-08 
.2)8848-07 
„140738-07 
.411528-01 
42538B-08 
. 080218-08 
„141168-08 
. 64848-08 
.23966£-01 
250588-08 
„695838- 08 
. 50688-8 
.1810)F-08 
 206888-08 
„386 40Е- 08 
„896778-08 
„169328-08 
. 560166-08 
. J4051£-08 
000008100 


- - ANGLES - 
TRETA PHI 
DEGREES DEGRE 
- 35.00 
-(0.00 
- 45.00 
-50.00 
-55.00 
-60.00 
-65.00 
-10.00 
-75.00 
-40.00 
-85.00 
-90.00 


5 


ЗЕ 
“140.92 


-54.90 
“64.54 
113. 20 
-90.00 
-18.74 
90.00 
158.20 
115.39 
211525 
131.07 
“138.97 
-128.66 
[93-10 
-156.10 
30.00 
26.57 
131.993 
-158.20 
63.43 
45.00 
51010 
1113 
225-51 
57.03 
-128.16 
„00 


САТА 
DB 


“45,05 
260073 
-28.72 
И 
-62.43 
zi 
-26.55 
-28.30 
-22.18 
-15.45 
121 
-1017.94 


.00000Е+00 .00000E+00 .000006+00 — .00000g:00 — .000008+00 
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.6)5808-01 
.35628£+00 
-299438 +00 
00566-01 
„665188-01 
«(UTE TI 
„156518-01 
„197508-02 
10750600 
„63008Е-01 
. 518-2 
„815108-01 
„455878-01 
.41613£-02 
.162408-0] 
„122028-01 
ШІСІ 
25896-01 
„10658-01 
„93662Е-01 
„121628-01 
10155-02 
„162248-01 
„68908Е-01 
„563008-01 
106328400 
» 207398400 
„20106Е+00 
000008100 


000008400 


Page ) 


1 
-62.49 
“136.77 
161.08 
4.9) 
gk 
9.80 
-157.08 
123.69 
30.43 
-113 71 
131.57 
(3.21 
124.02 
146.51 
-99.44 
-116.58 


- 46.48 
-14.(1 
114.31 
-177.38 
“ІШІП 
-1)2.69 
О 
"з 
35.40 
-49.46 


RONBCDSI.OUT Friday, November 25, 1988 


RUN TIME = 359.867 
t 


tte INPUT DATA SBT tte 

i 

CM — TEST OF NPSNEC A5 OR C DISK 7 FEB 8) 

CM RHOMBIC ANTENNA HORIZONTALLY POLARIZED 

CM LEG LENGTA=398.0 FT. 

CM CENTER WIDTH=314.0 FT. 

CH APEX ANGLB=44.0 DEGREES. 

CM REIGRT ABOVE GRCUND=160.0 FT. 

CM GROUND PARAMETERS-EPSELON=80. SIGHA=4. NHOS/M. (SEA WATER) 
CE CONDUCTOR-AWG NO. 10 WIRE DIA.=0.00425 FT. 
GW1,10,0.0,0.0,160.0, 366.082, 157.0,160.0,0.00425 
GW2,40,366.082,157.0,160.0,732.164,0.0,160.0,0.00425 
612,010 

650,0,0.304801 

GP 

GEI 

FRO,0,0,0,10.0 

GRO,0,0,0,80.0,4.0 

LD0,2,40,40,300.0 

LD0,4,40,40, 300.0 

Bx0,1,1,0,0.5 

РТ -1 

Bx0,3,1,10,-0.5 

M -1 

RPO, 37,1,1401,90.0,0.0,-5.0,0.0 

EN 
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C. DP-49DSI.QUT (49 SEGMENT CENTERED Dil Oise; 


RENEE анна 


NUMERICAL ELECTROMAGNETICS CODE (NPGIOQ0] 


itttüttsttttttattttatattatetttittttitttttatul 


Е COMEN S ИЕ 


DIPOLE WITH 49 SEGHENTS 


=== = STRUCTURE SeECEEICNTIONS Gees: 


COORDINATES MUST BE INPUT IN 
NETERS OR BE SCALED TO METERS 
BEFORE STRUCTURE INPUT IS ENDED 


WIRE МО, OF FIRST LAST TAG 
RO. 11 1 51 12 1 12 RADIUS — SEG. SEG. SEG. (0. 
1 ‚00000 00000 . 00000 .00000 00000 ‚50000 ‚00001 49 l 43 1 


TOTAL SBGHENTS USED: 45 RO. SEG. IN A SYHNETRIC CELL- 49 SYNMETRY FLAG= 0 


- MULTIPLE WIRE JUNCTIONS - 
JUNCTION © SEGMENTS (|- FOR EXD I, + FOR END 2) 
КОНЕ 


FREQUENCY: .29986+03 NH2 
WAVELENGTH: .1000E+0I NETERS 


= = ~ STRUCTURE INPEDANCE LOADING - - - 


THIS STRUCTURE IS ROT LOADED 


- = = ANTENNA EXVIRONNENT - - - 


FREE SPACE 


DP49D$1.0UT Wednesday, November JO, 1988 


APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAR 


sts NATRII TINING == 


FILL= 36.910 SEC., FACTOR: 


- - - MNTENRA IRPUT PARAMETERS - - - 


6.148 SEC. 


1.000 METERS APART 


TAG — SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MNOS) POWER 
No. 10. REAL ІНІ. REAL INAG. REAL IMAG. PEAL IMAG. (WATTS) 
1 25 .10000Е+01 00000800 .96941E-02 -.55202E-02. .17897E102. .44358E:02. .96941E-02 -.55202E-02. .48410E-02 
- - - POVER BUDGET - - - 
INPUT POWER = .4847E-02 WATTS 
RADIATED POWER= .48478-02 WATTS 
STRUCTURE LOSS= .0000Е+00 WATTS 
Programaed STOP 
NETWORK LOSS = .00008400 WATTS 
EFFICIENCY = 100.00 PERCENT 
Meet DATA CARD RO. 4 ER 0 0 0 0 .00000Е+00 .00000Е+00 000006100 000006400 — ,00000E*00 .000 
00E+00 
RUN TINE = 44.602 


INPUT DATA SET 


CE DIPOLE WITH 49 SEGNEATS 
GW 1,49,0,0,0,0,0,.5,.00001 
GP 

GE 

EX 0,1,25 

ЕГІ 

10 

BR 
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APPENDIX J. NEC3 SAMPLE RUNS ON COMPAQ 386/20 (80387) 


A. 387G2.0UT (MONOPOLE WII LOSSY GROUND, REQUIRES SOMNTX 
DATA) 


ішектік 


NUMERICAL BLECTROMAGKETICS CODE (HPG1000) 


$£411042£4444£€14,442494.44€44424441t040€244400411 


- - - - CONNENTS - - - - 


$4041544e446GAs4444444424441444€444t4€44/&4544t4642t€42442€€4409z74404t0€€4401 


TEST PROBLEMS FOR THE NEW NEC-J (NECG ALIAS NPGNECI 


{2 NONOPOLE ANTENNA ON A GROUND STARE 


- - - STRUCTURE SPECIFICATION - - - 


COORDINATES NUST BE INPUT IN 
METERS OR BE SCALED TO METERS 
BEFORE STRUCTURE INPUT 15 ENDED 


VIRE NO. OF FIRST LAST TAG 
KO. 11 n 11 12 12 22 RADIUS — SEG. SEG. SEG. NO. 
1 0.00000 0.00000 -2.00000 0.00000 0.00000 0.00000 0.01000 à l 8 1 
2 0.00000 0.00000 0.00000 0.00000 0.00000 15.00000 0.01000 10 9 B 2 


TOTAL SEGNENTS USED= 18 NO. SEG. IN A SYNNBTRIC CELL= 18 SYNNETRY FLAG= 0 


~ MULTIPLE WIRE JUNCTIONS - 
JUNCTION — SEGNENTS (= FOR END 1, ¢ FOR EAD 2) 
NONE 


FREQUENCY- 0.5000£:01 MHZ 
WAVELENGTH= 0.59965+02 METERS 


- - - STRUCTURE INPEDANCE LOADING - - - 


THIS STRUCTURE I$ NOT LOADED 
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38162. 0UT 


TAG SBC. 
NO. NO, REAL 
2 
- - ANGLES - - 
TRETÀ PHI 
DEGREES DEGREES 
0.00 0.00 
5.00 0.00 
10.00 0.00 
15.00 0.00 
20.00 0.00 
45.00 0.00 
30.00 0.00 
35.00 0.00 
40.00 0.00 
45.00 0.00 
50.00 0.00 
55.00 0.00 
60.00 0.00 


Wednesday, November 30, 1988 


- - - MNTERNA ENVIRORMBRT - - - 


FINITE GROUND.  SOMHERFELD SOLUTION 
RELATIVE DIELECTRIC CONST.= 10.000 
CONDUCTIVITY= O.100E-01 КНОЗ/КЕТЕК 


COMPLEX DIELECTRIC CONSTANT= 0.10000E+02-0.35951E+02 


- - - MATRIX TINING - - - 


FILL: 


VOLTAGE (VOLTS) 


IMAG. 


1I SEE 


FACTORS: 0.114 SEC. 


- - - MTENNA INPUT PARAMETERS - - - 


CURRENT (АНР5) 


RBAL IMAG. REAL 


- - - POWER BUDGET - - - 


INPUT POWER = 0.4465E-02 WATTS 
RADIATBD POWER= 0.44658-02 WATTS 
STRUCTURE LOSS= 0.0000E+00 WATTS 
NETWORK LOSS = 0.00006+00 WATTS 
EFFICIENCY = 100.00 PERCENT 


IMPEDANCE [ORHS) 


IMAG. 
9 0.10000E+01 0.000005500 0.893018-02-0.35394E-02 0.96718E:02 0.38358E«02 0.89301E-02-0.35394£-02 0.44651E-02 


APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 59.960 METERS APART 


= = - RADIATION PATTERNS - - - 
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- POWER GAINS - = = = FOUARIZATICHESY = 
VERT. HOR. TOTAL AXIAL TILT — SENSE 
DB DB DB RATIO DEC. 
SI I 3993-9955. 0.00000 0.00 
23.61 -99.9 -23.61 0.00000 0.00 LINEAR 
-17.64 -999.99 -17.64 0.00000 0.00 LINEAR 
-.11 -999.99. -14.11.— 0.00000 0.00 LINEAR 
-11.60 -999.99 -11.60 0.00000 0.00 LINEAR 
“9.66 -999.99 -9.66 0.00000 0.00 LINEAR 
-$.09 -999.99 -8.09 0.00000 0.00 LINEAR 
-6.78 -999.99 -6.78 0.00000 0.00 LINEAR 
59.07 97 56 0.00000 0.00 LINEAR 
-4.78 -999.99 -4.78 — 0.00000 0.00 LINEAR 
4.03 -999.99 -4.03 0.00000 0.00 LINEAR 
БН? -ІЛ5 0.00000 0.00 LINEAR 
23:05 2399-931 -3.05 0 00000 0.00 LINEAR 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


- - - E(THETA) - - - 
MAGNITUDE PHASE 
VOLTS/M DEGREES 
.00000Е +00 0.00 
.33915£-01 66.61 
„67889Е-01 66.53 
101956900 66.40 
136078400 66.22 
10125500 65,98 
„20381Е400 65,69 
236926 +00 65,33 
„2687 1Е+00 64.90 
. 0 64.38 
. 00 63.15 
„347 171Е 00 62.98 
. 36435E100 62.01 


ADMITTANCE (NHOS) 
REAL 


IMAG. 


Page 2 


POWER 
(WATTS) 


Ec 2411 Е, 
MAGNITUDE PHASE 

YOLTS/H — DEGREES 
0.00000Е+00 0.00 
0.00000Е+00 0.00 
0.00000Е+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000£:00 0.00 
0.000005*00 0.00 
0.00000£100 0.00 


38162.0U1 


Wednesday, Novesber J0, 1988 Page 3 

65.00 0.00 -2105 N OS 000000 0.00 LINEAR 0.372778+00 60.75 0.000008+00 0.00 
10.00 0.00 -2.92 995. 39 - 2 O 00000 0.00 LINEAR 0.36980E+00 59.04 0.00000Е+00 0.00 
15.00 0.00 299-907 == ЈАНО 00000 0.00 LINEAR 0.35013E+00 56.62 0.000008+00 0.00 
80.00 0.00 -4.63 -399.939 -4.63 0.00000 0.00 LINEAR 0.30369E+00 52.91 0.00000E+00 0.00 
85.00 0.00 ТК ТТТ 0200000 0.00 LINEAR 0.20162800 46.59 0.000000 0.00 
90.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 0.00000E+00 0.00 0.00000E+00 0.00 

0.00 90.00 -999.99 -999.99 -999.99 0.00000 0.00 0.00000E+00 0.00 0.000002+00 0.00 

5.00 90.00 *13:61--993.33 13:51 2 0700000 0.00 LINEAR  — 0.33915E-01 66.61 0.00000E+00 0.00 
10.00 — 90.00 -17.64 -999.99 -17.64 0.00000 66.40 0.000005+00 0.00 
20.00 90.00 -11.60 -999.99 -11.60 0.00000 0.00 LINEAR 0.13607E+00 66.22 0.00000E+00 0.00 
15.00 90.00 -9.66 -999.99 -9.66 0.00000 0.00 LINEAR 0.110125400 65.98 0.000006+00 0.00 
30.00 90.00 “0.09 -999.99 -8.09 0.00000 0.00 LINEAR 0.20387E+00 65.69 0.00000E+00 0.00 
35.00 90.00 -6.78 -999.99 -6.78 0.00000 0.00 LINEAR 0.23692E+00 65.33 0.00000E+00 0.00 
(0.00 90.00 -5.69 -999.99  -5.69 0.00000 0.00 LINEAR 0.26871E+00 — 64.90 0.00000E+00 0.00 
(5.00 90.00 -4.78 -999.99 -4.78 0.00000 0.00 LINEAR 0.29849E+00 64.38 0.0000000 0.00 
50.00 90.00 -4.03 -999.99 -4.03 0.00000 0.00 LINEAR 0.32527E+00 — 63.15 0.00000E+00 0.00 
55.00 90.00 73.09 299909. =), 45 20200000 0.00 LINEAR O.347778400 62.98 0.00000Е+00 0.00 
60.00 70.00 “3.095 595995990 93:054 0000 0.00 LINEAR 0.36435E+00 62.01 0.000008400 0.00 
65.00 70.00 А-Т» 25 0 0.00 LINEAR 0.37277E+00 60.75 0.00000E+00 0.00 
10.00 90.00 1.32 2339 517,07 00200000 0.00 LINEAR 009090029904 0.000008+00 0.00 
15.00 90.00 -)J.)3 -939.39 -3.39 0.00000 0.00 LINEAR 0.35013E+00 56.62 0.0000000 0.00 
80.00 90.00 -4.63 -999.99 -4.63 0.00000 0.00 LINEAR 0.30369Е+00 52.91 0.000008+00 0.00 
85.00 90.00 =T. 93 IY TN T0000 0.00 LINEAR 0.20762E+00 46.59 0.000008+00 0.00 
30.00 90.00 -999,99 -999.99 -999.99 0.00000 0.00 0. 000006400 0.00 0. 00000Е+00 0.00 


AVERAGE POWER GAIN= 0.321388100 SOLIN ANGLE USED IN AVERAGING={ 0.5000)tP1 STERADIANS. 


tette DATA CARD HO. 6 NBE 0 | 1 2 0.500006+%04 0.00000E+00 0.00000::00 0.00000E+00 0.00000E+00 0.1000 
08+02 
=i- = NEAR ELECTRIC FIELDS > >= 
- LOCATION - зе ES EEUU - PEAK FIELD 
5 - 
1 1 l NAGRITUDE PHASE MAGNITUDE PHASE MAGNITUDE PHASE NAGNITUDE 
KETERS METERS METERS VOLTS/M DEGREES VOLTS/N DEGREES VOLTS/M — DEGREES VOLTS/M 
5000.0000 0.0000 0.0000 0.17198-05 -8.40 — 0.0000£:00 0.00 — 0.1054E-04 — -45.02 0.1064:-04 
5000.0000 0.0000 10.0000 0.16556-05 -7.39 0 0.00 ТИЕ золуб 0.9694Е-05 
5000.0000 0.0000 20.0000 0.15938-05 -6.73 0 0.00 O.88748-05 -26.93 0.90008-05 
5000.0000 0.0000 30.0000 0.15336-05 -6.43 — 0.0000£100 0.00 — 0.8448E-05 — -16.45 0,1542:-05 
5000.0000 0.0000 40.0000 0.14748-05 — -6.50 — 00 0.00 0.83228-05 -5.65 0.84525-05 
5000.0000 0.0000 50.0000 0.14182-05 — -6.97 = 0. 00008 #00 0.00 0.84898-05 4.59 0.1602E-05 
5000.0000 0.0000 60.0000 0.13625-05 -7.86 0.00008+00 0.00 — 0.8908E-05 13.79 0.0938£-05 
5000.0000 0.0000 70.0000 0.13096-05 — -9.18 — 00 0.00 — 0.9530E-05 21.60 0.9596£-05 
5000.0000 0.0000 0.0000 0.12578-05  -10.96 0.0000Е:00 0.00 0.1030Е-04 27.98 0.10358-04 
5000.0000 0.0000 90.0000 0.1208£-05. — -13.24 — 0.0000£100 0.00 0.111804 733.05 0.1121E-04 
5000.0000 0.0000 — 100.0000 0.11626-05 -16.02 — 0.0000£:00 0.00 01015-54 31.00 0.12148-04 
5000.0000 0.0000 — 110.0000 0.1119E-05  -19.35 — 0.0000£:00 0.00 0.1312Е-04 40.01 0.131 3Е-04 
5000.0000 0.0000 120.0000 0.10808-05 -23.22 0.00008+00 0.00 — 0.1414E-04 — (2.26 0.1414Е-04 
5000. 0000 0.0000 0 0.1049£-05 -27.54  0.00008+00 0.00 | 0.1518E-04 43.78 0.1513£-01 
5000. 0000 0.0000 140.0000 0.10226E-05 -32.42 0.0000Е+00 0.00 — 0.162)E-04 44.80 0. 1623£-04 


8762.007 Wednesday, November 10, 1988 Page 4 


5000.0000 0.0000 150.0000 0.99968-06 -37.95 0.0000Е+00 0.00 0.1721Е-04 45.40 0.1121Е-04 
5000.0000 0.0000 160.0000 0.98586-06 -43.96  0.0000E+00 0.00 0.1830Е-01 45.60 0.1830Е-04 
5000, 0000 0.0000 170.0000 0.9809E-06 -50.37 0.0000400 0.00 0090504 45.45 0.1933Е-04 
5000. 0000 0.0000 180.0000 0.9856E-06 -57.07 0.0000Е+00 0.00 0.2034E-04 44.99 0.2034E-04 
5000.0000 0.0000 190.0000 0.10008-05 -63.94 0. 00008400 0.00 — 0.21ME-04 44.24 0.21 ME- 01 
5000.0000 0.0000 200.0000 0.1026Е-05 -70.86 0.0000Е+00 0.00 0.22328-04 42.2) 0. 22328-04 


treet DATA CARD NO. 7 ЕК 0 0 0 Q 0.00000£:00 0.00000E100 0.00000E:00 0.000002+00 0.00000E+00 0.0000 
08+00 


RUN TINE = 23.501 
tttt? NDP exceptions have occurred during this progran, ttt 


INPUT DATA SET 


CHtttttttttttttttttttéttttttttttttttttéttttżżtżttžéżtżéttżżttżttt 


СК 

CN TEST PROBLEMS FOR ТЕЕ NEW NEC-J (NECG ALIAS NPGNEC] 
CN 
(Ktttitttttttttttttttttttttttttttttttttttttttttttttttttttttthhll 
CN 

CN {2 NONOPOLE ANTENNA ON À GROUND STAKE 

СК 

CB 

GH 1,8,0,0,-2,0,0,0,.01 

GW 2,10,0,0,0,0,0,15,.01 

GP 

GE 

FR 0,1,0,0,5 

GN 2,0,0,0,10,.01 

BX 0,2,1 

| 

ЕР 0,19,2,1001,0,0,5,90 

NE 0,1,1,21,5000,0,0,0,0,10 

BK 
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В. 


387ROM.OUT (RHONBIC ANTENNA) 


PARE ніні ііі 


NUNERICAL BLECTRONAGHETICS CODE (NPG1000) 


падечасадасавезада а сседесасавссеааваеааава ай 


- - = = COMMENTS - - - - 


TEST OF NPSKEC AS ON C DISK 7 FEB 83 
RHONBIC ANTENNA HORIZONTALLY POLARIZED 
LEG LERGTH-398.0 FT. 
CENTER WIDTH=314.0 FT. 
APEX ANGLB=44.0 DEGREES. 
HEIGHT ABOVE GROURD=160.0 FT. 
GROUND PARAMETERS-EPSILON=80. SIGMA=4. NHOS/N. {SEA WATER) 
CONDUCTOR-AWG NO. 10 WERE DIA.=0.00425 FT. 


= = = STRUCTURE SPECIFICATION - - - 


COORDINATES MUST BE INPUT IX 
NETERS OR BE SCALED TO METERS 
BEFORE STRUCTURE INPUT IS ENDED 


WIRE NO. OF FIRST LAST TAG 
10. 11 Yi a1 12 1: à RADIUS SEG. SEG. SEG. NO. 
1 0.00000 0.00000 160.00000 366.08200 157.00000 160.00000 0.00425 40 | 40 1 
2 366.08200 157.00000 160.00000 732.16400 0.00000 160.00000 0.00425 40 41 40 2 


STRUCTURE REFLECTED ALONG THE AXES Y . TAGS INCRENENTED BY 2 
STRUCTURE SCALED BY FACTOR — 0.30480 


GROUND PLANE SPECIPIED. 


WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO INAGE IN GROUND PLANE. 


TOTAL SEGMENTS USED= 160 RO. SEG. 1N A SYNMETRIC CELL= 80 SUNMETRY FLAG= 1 
STRUCTURE BAS 1 PLANES OF SYNNETRY 


~ MULTIPLE WIRB JUNCTIONS - 
JUNCTION —— SEGNERTS {- FOR END I, + FOR END 2) 
NONE 


FREQUENCY: 0.11000E+02 NEZ 


14 
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WAVELENGTH= 0. 29986402 METERS 


- - ~ STRUCTURE INPEDANCE LOADING - - - 


LOCATION RESISTANCE — INDUCTANCE CAPACITANCE INPEDANCE (OHMS]) CONDUCTIVITY ТҮРЕ 
ITAG FROM THRU ORNS HENRYS FARADS REAL INAGINARY — MHOS/METER 

à 40 40 0. 3000Е+0) SER 

I Ü l 0.1000Ё+0) SER 


- - - ANTENNA EXVIROXMEXT - - - 


FINITE GROUND. REFLECTION COEFFICIENT APPROXINATION 
RELATIVE DIELECTRIC CONST.= 80.000 
COKNDUCTIVITY= 0.4008401 NHOS/NETER 
COMPLEX DIELECTRIC CONSTANT: 0.80000£:02-0.71302£:01 


APPRORINATE INTEGRATION BMPLOYED FOR SEGMENTS MORE THAN 29.980 METERS APART 


- - - MATRIX TIMING - - - 


PILL= 65.032 SEC., FACTOR: 10.170 SBC. 


MARINUM RELATIVE ASYNNETRY OF THE DRIVING POINT ADNITTANCE NATRIX IS 0.494E-06 FOR SEGHENTS 81 AND I 
RNS RELATIVE ASYNNETRY IS 0.4946-06 


- - > ANTENNA INPUT PARAMETERS - - - 


TAG SEG. VOLTAGE (VOLTS) CURRENT (ANPS) INPEDANCE (0885) ADMITTANCE (NHOS) POWER 

NO. RO. іш INAG. REAL INAG. REAL INAG. REAL INAG. (WATTS) 
1 1 0.50000Ё+00 0.00000Ё+00 0.11457ЕЁ-01-0.55971#Е-0) 0.)51)2Ё+0) 0.11114Е+0) 0.229145-02-0.11195Е-02 0,08642Е-03 
3 1-0. 500008400 0.000008#00-0.114578-02 0.559762-03 0.35232E+03 0.17214E+03 0.22914E-02-0.111958-02 0.286428-0) 


--- POWER BUDGET - - - 


INPUT POWER 
RADIATED POWER 
STRUCTURE LOSS 
NETWORK LOSS 
EFFICIENCY 


0.57282-03 WATTS 
0.2883£-03 WATTS 
0.28458-03 WATTS 
0.0000Е100 WATTS 
90,22 PERCENT 


5 


387600, 007 


- - ANGLES - - 
THBTA PHI 
DEGREES DEGREES 
90.00 0.00 
85.00 0.00 
80.00 0.00 
15.00 0.00 
10.00 0.00 
65.00 0.00 
60.00 0.00 
55.00 0.00 
50.00 0.00 
15.00 0.00 
10.00 0.00 
30.00 0.00 
15.00 0.00 
10.00 0.00 
15.00 0.00 
10.00 0.00 
5.00 0.00 
0.00 0.09 
25:00 0.00 
-10.00 0.00 
-15.00 0.00 
- 10.00 0.00 
-25.00 0.00 
-30.00 0.00 
-35.00 0.00 
-40.00 0.00 
-45.00 0.00 
-50.00 0.00 
-55.00 0.00 
-60.00 0.00 
-65.00 0.00 
-10.00 0.00 
-15.00 0.00 
- 80.00 0.00 
-85.00 0.00 
-90.00 0.00 
ЕЧИШ > 2 
THETA PHI 


DEGREES DEGREES 


90.00 


0.00 


- POWER GAINS - goce POLARIZATIOE = = 
VERT. HOR. TOTAL AXIAL TILT SENSE 
08 08 08 RATIO DEG. 
2333.33 339-0909 09 09 9 0 000000 0.00 
-134.43 15.87 15.87 0.00000 — 90.00 LINEAR 
“140.55 17.85 17.95 0.00000 30.00 LINEAR 
-137.49 11.26. 11.26 — 0.00000 90.00 LINEAR 
-147.45 6.97 6.9] 0.00000 90.00 LINEAR 
-127.88 11.32 11.32 0.00000 90.00 LINEAR 
-132.51 2.02 1.02 0.00000 -90.00 LINBAR 
-136.10 -22.22 -22.22 0.00000 90.00 LINEAR 
:51:53: c3 ЕУ У ОООО ОИ 
“145.44 5.67 5.67 0.00000  -90.00 LINEAR 
-131.49 0.105978-01 -35.05 = OSes Cle sss. 
-144.38 -8.90 -8.90 0.00000 90.00 LINEAR 
-141.57 -13.08 -13.08 0.00000 -90.00 LINEAR 
-143.91 -21.47 -21.47 0.00000 -90.00 LINEAR 
-150.61 -27.32 -271.32 0.00000 -90.00 LINEAR 
-145.32 -4.71 -4.71 0.00000 90.00 LINEAR 
-134.67 -9.37 ӘЛ 0.00000 90.00 LINEAR 
-131.90 -29.92 -29.92 0.00000 90.00 LINEAR 
-145.59 -6.52 -6.52 0.00000 -90.00 LINEAR 
-144.69 -12.18 -12.18 0.00000 90.00 LINEAR 
-142.56 -36.54 -36.54 0.00000 90.00 LINEAR 
-141.33 -21.15 -21.15 0.00000 90.00 LINEAR 
-145.26 -23.63 -23.63 0.00000 90.00 LINEAR 
-157.07 -22.32 -22.32 0.00000 90.00 LINEAR 
-142.73 -17.09 -17.09 0.00000 90.00 LINEAR 
-140.47 -8.77 -8.77 0.00000 -90.00 LINEAR 
-141.12 -10.77 -10.77 0.00000 90.00 LINEAR 
-154.58 -23.24 -23.24 0.00000 -90.00 LINEAR 
-157.24 -44.36 -44.36 0.00000 90.00 LINEAR 
1000 14.55 С О ООУ EET 
-31.87 -9.54 -9.52 0.01470 45.71 RIGHT 
-152.92 -10.36 -10.36 0.00000 90.00 LINEAR 
-150.77 -4.84 -4.84 0.00000 90.00 LINEAR 
-150.35 2.50 2.50 0.00000 90.00 LINEAR 
-163.57 0.73 0.7) 0.00000 90.00 LINEAR 
-999.99 -999.99 -999.99 0.00000 0.00 
== > NORNALIZBD GAIN - - - - 
HORIZONTAL GAIN 
HORNALIZATION FACTOR = 95 DB 
GAIN = = ANGLES oe. GAIN 
08 THETA PHI 08 
DEGREES DEGREES 
-1011.94 45.00 0.00 ЦОЈ 


Wednesday, November 30, 1988 


- - = RADIATION PATTERNS - - - 


76 


-~ -oc E(THETA - 
MAGNITUDE PHRASE 
VOLTS/M DEGREES 

0.00000::00 0.00 
0.252086-07 200 
0.113916 0] ІРІ 
0.241154E-0] — -58.82 
0.186025-08 61.43 
0.141714E-0] — 09.8 
0.4313E-0] — 86.0] 
0.29041E-0] — -65.01 
0.21636£-0) — 143.82 
0.99120£-08 -164.20 

66 
ИЕ. Е 
0.154115-07 143.54 
0.11821E-0] -104.01 
O.54617E-08 83.84 
0.10043:-07 124.26 
02890-10 2.54 
0.23607Е-07 -113.63 
O.97419E-08 — 38.81 
0.10805E-07 — -6.11 
0.137968-07 111.1) 
0.15894£-07 156.06 
0.101178-07 -14).92 
0.25975E-08 -111. 25 
0.135365-0] -42.80 
0.11556£-07 73.07 
0.16300£-0] — -32.15 
0.3460]E-08 — 108.38 
0.254172E-08 — 111.83 
0.688735-04 -171.69 
0,47247:-02 -121.84 
0.41866E-08 — 164.45 
0.53615E-08  -11.08 
0.56300E-08 -8.47 
0.12282£-08 — -84.21 
0.00000£100 0.00 

“ОС = = GAIN 

THETA Pil DB 

DEGREES DEGREES 

-35.00 0.00 -35.04 


Page J 

“2 
MAGNITUDE — PHASE 

YOLTS/N DEGREES 
0. 00000E+00 0.00 
0.11516Е401 -32.92 
0.146118401 -47.05 
0.67747E+00 -70.40 
0.41335Е400 76.28 
0.68262E100 35.77 
0.23391E+00 -11.25 
0.14346£-01. -114.92 
0.63423Е-01 1.60 
0.35609£:00 -62.49 
0.66482Е-01 1.91 
0.41105£-01 — -19.92 
0.15647E-01 9.82 
0.798038-02 -157.15 
0.10775E+00 123.69 
0.630018-01 30.45 
0.59130Е-02 = 
0.814168-01 131.57 
0.45567£-01 49.23 
0.275898-02 124.00 
0.162378-01 146.52 
0.122058-01 -99.45 
0.141878-01 -116.67 
0.25896£-01 -0.48 
0.67502E-01 -46.52 
0.536608-01 -74.54 
O.12757E-01 -LDE 
0.11213£-02 -1711.22 
0.21912£-01 -157.49 
0.617638-01 -132.98 
0.56205E-01 -163.64 
0.10618E*00 — -12.61 
0.24712E+00 -35.47 
0.20168E+00 -49.54 
0.00000E+00 0.00 


J8 TRON. OUT Wednesday, Novenber 30, 


$5.00 0.00 -2.08 20.00 0.00 -39.92 
80.00 0.00 0.00 15.00 0.00 -€5.27 
15.00 0.00 -6.69 10.00 0.00  -22.66 
70.00 0.00 -10.98 5.00 000 + ла 
65.00 0.00 -6.6) 0.00 0.00 -41.87 
60.00 ГІШ 2133 -5.00 0.00 -24.47 
55.00 0.00 -40.17 -10.00 0.00 -30.13 
50.00 0:00 -21.26 -15.00 0.00 -54.49 
(5.00 0.00 -12.28 -20.00 0.00 -39.10 
40.00 0.00 — -13.73 -25.00 0.00 -41.58 
35.00 0.00 -32.31 -30.00 0.00 -40.27 
30.00 0.00 -26.86 


1988 


-40.00 
-45.00 
-50.00 
255-00 
-60.00 
-65.00 
-10.00 
-15.00 
-80.00 
-85.00 
-90.00 


€» > c c c O O O OG c <> 
е че е  -ө Se “е” ө оа | -" = 


tiir DATA CARD RO. 10. ER 0 0 0 0 0,000008100 0.000008+00 0.000008400 


0800 
КОК ТІКЕ = 99,150 
ttttt NDP exceptions have occurred during this program. Зазай 


СИ 1857 OF NPSHEC AS ON C DISK 7 FEB 83 

СК RHOMBIC ANTENNA RORIZONTALLY POLARIZED 

CM LEG LENGTH=398.0 FT. 

СК CENTER WIDTH=314.0 ЕТ. 

СИ APEX ANGLE=44.0 DEGREES. 

CM HEIGHT ABOVE GROUND=160.0 FT. 

СК GROUND PARAMETERS-EPSIGON=80. SIGNA=4. MHOS/M. (SEA WATER) 
CE CONDUCTOR-AWG NO. 10 WIRE DIA.:0.00425 FT. 
081,40,0.0,0.0,160.0,366,082,157.0,160.0,0.00425 
082,40,366.082,151.0,160.0,732.164,0.0,160.0,0.00425 
612,010 

050,0,0, 304801 

GP 

081 

FRO,0,0,0,10.0 

GNO,0,0,0,80.0,4.0 

00, 2,40, (0, 300.0 

00, 0, (0,40, 300.0 

Е50,1,1,0,0.5 

Pr! 

810, 3,1,10,-0.5 

ШЕ >! 

RPO, 37,1,1401,90.0,0.0,-5.0,0.0 

ЕН 
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“26.12 
-2%.12 
- 17 
02:31 
- 36.50 
ӘДІСІ 
28.31 
е ТІ? 
-15.45 
-11.22 
-1017.94 


0.00000E+00 0.000008+00 0.0000 


С: 


387/DP49.OUT 49 SEGNIENT CENTER PED DTG is 


tthttttetttttitatittitatetiteatetetttitettttittit 


NUMERICAL ELECTRONAGNETICS С00Ё 181610001 


tàttttttsttttuetttttetelbtitttetettetttetttatt 


- = - = CONMEIITS - - - - 
DIPCLE WITH 49 SEGHENTS 


- = = STRUCTURE SPECIFI ATICIE E 


COCPDINATES HUST BE INPUT IN 
METERS CR BE SCALED T° METERS 
BEFCRE STRUCTURE INPUT IS EXDED 


WIRE NC, CF FIRST LAST TAS 
RO. M и 11 12 12 12 RADIUS 56. SEG. SEG. KO, 
1 0.00009 0.00000 0.00090 0.000500 0.00000 0.50000 0.00001 (9 | 8 1 


TCTAL SEGMENTS USED= {9 Nc. SEG. IM A SYMMETRIC CELL: 49 SYMMETRY FLAG= 0 


- MULTIPLE WIRE JUNCTIONS - 
JURCTICH SEGHERTS (- FOR END 1, + FCR END 2t 
CHE 


FREQUENCY= 0.29908403 МН: 
WAVELENGTH? O.109CE*O1 METERS 


= 2 2 STRUCTURES IMPEDANCE GCAO s 


TRIS STRUCTURE IS КОТ LOADED 


= > = ANTENNATER ТРОНЦЕНТ 2= == 


FREE SPACE 


APPROXIMATE INTEGRATICN EMPLCYED ЕСЕ SESKENTS KCRE THAN 1.000 METERS APART 


3810P49.0UT Tuesday, December 6, 1988 Page 2 


= = А АНА О ТИ У = - 


КЕП ЕС ОРТОК 1.940 SEC. 


- - - MITERIIA INPUT PARANETERS - - - 


TAG SEG, VOLTAGE 1790181 CURRENT {AMPS} IMPEDANCE (CHNS} ADMITTANCE (NHOS) PCWER 
NO. NC, ЖЕМ IMAG. REAL INAS. REAL IMAG. REAL IMAG. (WATTS) 
l 25 9.10000E+01 0.99000E+00 0.95248E-92-9,56990E-02 0.13020E+02 0.45971E+02 0.95248E-02-0.56000E-02 0.476248-02 


л л = == 


INPUT POWER — z 9.0762E-02 WATTS 
PADIATED POWER= C.4762E-02 WATTS 
STRUCTURE LOSS= 0.0000E+00 WATTS 
NETHCRA LOSS = 7.0000Е+00 WATTS 
EFEICIENCY = 100.90 PERCENT 


DORT CAPD NSE. £ ERD 0 0 0 0.00202E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0009 
0E+00 


RUN TINE = 14.199 
tttet NOP exceptions have sccurred during this program, tiit 
INPUT DATA FILE 


CE — OIPOLE WITH 49 SESHENTS 
GV 1,49,0.0,0,2,0,.5,.00001 
er 

GE 

EX 0,1,25 

PT -1 

n 

ER 
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APPENDIX J. NEC3 SAMPLE RUNS ON COMPAQ 386/20 (WIETEK 
1167) 


А. 1167G2.0UT (MONOPOLE WITH LOSSY GROUND, REQUIRES SONMNTA 
DATA) 


tttittitttititititillilltlalattitittiilittttttttittirtk 


NUNERICAL ELECTRONAGHETICS CODE (RPGIOOQ) 


tittittttittitttitttititiatiateGcetütutttitttttttt 


so == CONN и 


titttitttitttttttttittttitatattitattttttttatttuttttttatittttittiutatt 


TEST PROBLEMS FOR THE NEW HEC-3 (NECG ALIAS NPGREC) 


ditttittttittttatitetetittHttatttttatitettttitetitutasittettttitultt 


2 MONCPOLE ANTENNA CH A GROUND STATE 


cx SIPUCTUPESSPEGIPICNDIDR Suse 


COORDINATES MUST BE INPUT IN 
NETERS OR BE SCALED TC METERS 
BEFORE STRUCTURE INPUT IS ENDED 


WIRE NO. OF FIRST LAST TAG 
NC. 11 и 51 12 12 12 RADIUS SEG. SEG. SEG. NO. 
1 0.00000 0.00000 -2.00000 0.00000 0.00000 0.00000 0.01000 8 1 ! l 
à 0.00000 0.00000 0.00000 0.00000 0.00000 15.00000 0.01000 10 н 2 


TOTAL SEGMENTS USED: 18 NC. SEG. IN A SYMMETRIC CELL: 18 SYMMETRY FLAG= 0 


- MULTIPLE WIRE JUNCTIONS - 
JUNCTION SEGMENTS 1- РОК ЕНО 1, + FOR END 2) 
КОНЕ 


FREQUENCY= 0.50C0E+C1 NH2 
WAVELENGTH: 0.5996£+02 КЕТЕК5 


= - = STRUCTURE IMPEDANCE LOADING - - = 
THIS STRUCTURE IS ROT LCADED 


50 


116762. CUT 


Tuesday, Nevenber 29, 1988 


- > - ANTENNA EXVIRCHHENT - - - 


An RDP exception has occurred. 
Near location с:6с0Е2, 


Veitek status word = O3fec027. 


[Invalid operation./2ere divide. /Precisicn./ 


- = - POLARIZATION - - - 


AS - 
THETA PHI 
DEGREES DEGREES 
0.00 0.00 
5.00 0.00 
10.00 0.00 
15.00 0.00 
20.00 0.00 
25.20 0.00 
30.00 0.00 
35.00 0.00 
40.00 0.00 
45.00 0.00 
50.00 0.00 
55.00 0.00 
60.00 0.00 
65.00 0.00 
70.00 0.00 
15.00 0.00 
80.00 0.00 
15.00 0.00 
90.00 0.09 
0.00 90.00 
5.00 90.00 
10.00 70.00 
20.00 90.00 
45.00 90.00 
30.00 90.00 
35.00 90.00 
40.00 90.00 
45.00 90.00 
50.00 90.00 
55.00 70.00 
60.00 90.00 


VERT. HOR. 
DD 08 
-939.99 -999.99 
-23.67 -999.99 
-17.64 -999.99 
-14.11 -999.99 
-11.60 -999.99 
-3,66 -999.99 
-8.09 -999.99 
-6.79 -999.99 
-5,69 -999.99 
-4.18 -939.99 
-4.03 -999.99 
-3.45 -933.99 
-3.05 -999.99 
-2.85 -399.99 
-2.92 -999.99 
-3.33 -399.99 
-4.63 -999.99 
-7.93 -999.99 
-999.99 -939.99 
-999.99 -993.93 
-23.67 -999.99 
-17.64 -993.99 
-11.60 -999.99 
-9.66 -999.99 
-8.09 -999.99 
-6.79 -399.99 
-5.69 -999.99 
-4.78 -399.99 
-4.03 -999.99 
-2,45 -999.99 
-3.05 -999.99 


FINITE GROUND. 


SCHHERFELD SOLUTIOR 
RELATIVE DIBLECTRIC CORST.- 10.000 
CONDUCTIVIT?: 0.100E-0] MHOS/NETER 


CONPLEX DIELECTPIS CONSTANT= 0. 10000B+02-0.35951E+02 


- - - E(THETA) - - - 


TOTAL 
DB 
-399.39 
ELIT 
-17.64 
л 
-11.60 
-9.66 
-8.09 
б 1% 
29:01 
4, 
-4.03 
“11% 
52509 
ДЕ? 
529; 
E 
-4.63 
25:93 
2999.99 
2329099 
221.01 
-17.64 
-11.60 
59-0 
-8.09 
-6.19 
25069 
-4.18 
-4.03 
21 
#1. (0) 


AXIAL 
RATIO 
0.00000 
0.00000 
0.00000 
0.00000 
9.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
9.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.90000 
0.00000 
0.90000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 


cn 
= сэ С o c o с c c oq ә с ‘> с с «шу е е = та = 
. + + - - > в - - Ф - - . е LJ - LJ - - Ф . 


= => = c e <> 
^? е е е е е 


s BINE ==; 
SENSE MAGNITUDE 
YOLTS/N 
0.00000Е+00 
LINEAR 0.339122-01 
LINEAR 0.67885Е-01 
LINEAR 0.10195800 
LINEAR 0.13606Е+00 
LINEAR 0. 170118400 
LINEAR 0.20385E+00 
LINEAR 0.23690E+00 
LINEAR 0.26869E+00 
LINEAR 941800 
LINEAR 0.32525E+00 
LINEAR 0.34715E+00 
LINEAR 0.36432E+09 
LINEAR = 0. 372758400 
LINEAR 0.36978E+00 
LIREAR 0.35011E+00 
LINEAR 0.30367E+00 
LINEAR 0.20161E+00 
0.00000E+00 
0.000005+00 
LINEAR 0. )3912Е-01 
0.000006100 180.00 
LINEAR 0.13606E+00 
LINEAR 0.11011600 
LINEAR 0.20385E+00 
LIREAR 0.23690E+00 
LINEAR 0.26869E+00 
LINEAR  0.298478+00 
LINEAR 0.32525E+00 
LINEAR  0.347758+00 
LINEAR 0.36432E+00 


APPROXIMATE INTEGRATICN EHPLCYED PCR SEGHENTS MCRE THAM 


59.960 METERS APART 


PHASE 

DEGREES 
0.00 
66.6] 
66.5) 
66.40 
66.22 
65.99 
65.69 
65.33 
64.90 
64.38 
63.15 
62.91 
62.01 
60.75 
59.05 
56.62 
52.91 
46.60 
0.00 
0.00 
66.61 


66.22 
65.99 
65.69 
65.3) 
64.90 
64.38 
6).15 
62.98 
62.01 


MAGRITUDE 
TOLTS/N 
0.00000E*00 
0.000005100 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.000008+00 
0.00000E+00 
0.00000E+00 
0. ОООООЕ+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.000008+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 


0.00000E+00 
0.000008+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.000008:00 
0.000006 +00 
0.000006 +00 
0.000006 +00 
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PHASE 
DEGREES 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
180.00 
180.00 


180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 


116:62- CUT 


Tuesday. Neveaber 29, 1988 Page j 
65.00 90.00 =. Т меи 0.99 LINEAR 0.2:2756+00 60.75 0.000006+00 180.00 
70.90 90.00 -1.92 -393:39 А Уа У 00000 0.00 LINEAR 0.36978E+00 53.05 — 0.00000£*00 180.90 
19.00 97.00 ТП 0.00 LINEAR — 60.250115*00 56.62 0.00000E+00 180.00 
70.00 90.00 -4.63 -339.99 — e 0200000 0.00 LINEAR O.303678400 $2.91  0.00000£:00 180.00 
85.00 90.00 -1:91 -899599 95.93 209900000 0.00 LINEAR — 60.20761E*00 46.60 0.00000E+00 180.00 
30.00 90.00  -999.99 -399.99 -999.99 . 0.00500 0.00 0.00000E+00 0.00 0.00000E+00 0.00 


AVERAGE POWER GAIN= 0.32135E+00 


РИСАЛА ТАППАҚ; 
08+02 


1 
NETERS 
5000.0000 
5000. 0000 
5000.0000 
5000.0000 
5000.0000 
5000, n0n0 
5000.0000 
5000.0000 
5000.0090 
5000.0000 
5090.0000 
5000.0000 
5000.0000 
5000.0000 
5000.0000 
5000.0000 
5000.0000 
5000.0000 
5000.0000 
5000.0000 
5000.0000 


6 


LOCATICH 


1 


METERS 
„0000 


< 


<әэ <> <> <> <> <> <> <> < < < <> « < ‹э < <> < < < 
- е е & . 


titat DATA CAPD HO, 


0E 


+00 


RUN TINE = 


INPUT DATA SET 


„0000 


0000 


‚0000 
„0000 
„0000 
„0000 
0000 


0000 
0000 
0000 
0000 
0000 
0000 


„0000 
„0000 
„0000 
„0000 
„0000 
0000 


0000 


7 


Meet! 


- 


NE 9 


0 

METERS 

0.0000 
10.0000 
0909 
0000 
0000 
0000 
‚0000 
0000 
„0000 

30.0000 
100.0000 
110.0000 
120.0000 
130.0000 
140.0000 
150.0000 
160.0000 
110.0000 
180.0000 
190.0000 
00.0000 


EH 0 


<> <= = <> < < < < сэ чч» <> <> < < < < c5 <> <= < c» 


SOLID ANGLE USED IN AVERAGING=( 0.5000)*P] STEPRADIANS. 


1 и 


NAGHITUDE 
ҮШТЕН 

ПЕЛ 
.1655E-C5 
:13336-05 
,1933E - 05 
1404 E-05 
14178-05 
1362E-05 
1309Е-05 
120% 
. 12088-05 
.1162£-05 
.1119£-05 
„10808-05 
„10488-05 
.1021E-05 
99341-06 
38566-06 
.9808Е-06 
99555-06 
1000:-05 
.1026%-05 


0 0 0.00000E+00 0.00000E+00 


0.50000E+04 0.00000E+00 0.00000E+00 0.000008100 0.00000400 0.1000 


EX - 


PHASE 
DEGREES 


-8. 
219 
aT 
=O. 
$ 
25: 


1 


а 


с 
=10.. 
1 
18 
21 
Se 
sei 
592. 
106 
519; 
0 
ZU 
5037 
ay: 


12 


205 = SERR EDECITRICOPIEDDS 5255s 


MAGRITUDE 
VOLTS/N 
0.0000400 
0.0000£*00 
0.00008:00 
0.00005+00 
0.0000Е+00 
0. 00005400 
0.00008E+00 
0.00005E+00 
0.00005+00 
0.0900E+00 
0.0000Е+00 
0.00006+00 
0.0000£400 
0.00000 
0. 00008400 
0.00006 +00 
0.00006+00 
0.00006 +00 
0.00008:00 
0.00006+00 
0,0000800 


CMttitttttttitttsiutiutitttttettttttittttiutttitttuttttttitttttiutett 


СА 
CN 


TEST PROBLEMS FOR THE REW MEC-) (NECG ALIAS ПРОЦЕС! 


PHASE 
DEGREES 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 


NAGRITUDE 
VOLTS/N 
0.10546-04 
0.9585E-05 
0.88766-05 
0.84496-06 
0.83256-05 
0.84918- 05 
0.85115-05 
0.9531 5-05 
0.1030£-04 
0.1118£-04 
0.1213Е-04 
0.13128-04 
0.1414Е-04 
0. 15186-04 
0.162 3-04 
0.1727Е-04 
0.18305-04 
0.19325-04 
0.20345-04 
0.2134Е-04 
0.22325-0 


0.00000E+00 0.00000E+00 


Ei - 


PRASE 
DEGREES 

-45.0] 

*36.54 


= PEAR FIELD 


NAGHITUDE 
VOLTS/K 
0.1064£-04 
0.9694E-05 
0.9001£-05 
0. 8583Е-05 
0.84558-05 
0. 86046-05 
0.9000Е-05 
0.95978-05 
0.10358-04 
0.1121£-04 
0.12158-04 
0.13138-04 
0.14158-04 
0.1519Е-04 
0.16238-04 
0.17276-04 
0.18308-04 
0.19225-04 
0.20348-04 
0.21 ME-01 
0.22328-04 


0.00000E+00 0.0000 
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СК 
гуиааналаааананиаиаиданаааванелейнал доаааеааана ааа анавачажав 
СН 

CK {2 MCRCPCLE ANTENNA CK A GROUND STARE 
CH 

C8 

GH 1,8,0,0,-2,0,0,0,.01 

си 2,10,0,0,0,0.0,15,.01 

GP 

GE 

1.0.0. 

GH 2,0,0,0,10,.01 

ЕТ 0,2,1 

EIS 

Ша 19 2.1001,0.0,5,90 

КЕ 0,1,1,21,5000,0,0,0,0,10 

ЕН 
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Раде 4 


В. I167ROM.OUT (RITOMBIC ANTENNA) 


ttidiktettáüautititttituttttiftatatittettitatut ttt 


RUMERICAL ELECTRONAGNETICS CODE (NPGI000) 


t£itáttttsttttttttttttátttttitatitttttttititit 
- - - - COMMENTS - - - - 


TEST OF NPSREC AS CR € DISK 7? РЕВ 8) 
PH7HBIC ANTENNA HORIZONTALLY POLARIZED 
LEG LENGTH=398.0 FT. 
CENTER WIDTH=314.0 FT. 
APEX ANGLE=44.0 DEGREES. 
REIGRT ABOVE GROUND=160.0 FT. 
GROUND PARAMETERS-EPSILCH=80. SIGNA=4. KHOS/M. (SEA WATER) 
CCNDUCTOR-AWG NC. IO WIRE DIA.=0.00425 ЕТ. 


== = STRUCTURE SPECIFICATION Sos 


COORDINATES MUST BE INPUT IK 
METERS CR BE SCALED TC NETERS 
BEFORE STRUCTURE INPUT IS ENDED 


WIRE NO. OF — FIRST LAST TAG 
HO. 11 11 11 12 n 19 RADIUS SEG. SEG. SEG. M. 
[ 0.00000 0.00000 160.00000 366.08200 151.00000 160.00000 0.00425 (0 | 40 l 
à 366.08200 157.00000 160.00000  732.16400 0.00000 160.00000 0.00425 40 (1 80 2 


STRUCTURE REFLECTED ALONG THE AXES Y . TAGS INCREMENTED BY 2 
STRUCTURE SCALED BY FACTOR 0.30480 


GRCURD PLANE SPECIFIED. 


WRERE WIRE ERDS TOUCH GROUHD, CURRENT WILL BE INTERPOLATED TO IMAGE IX GROUND PLANE. 


TCTAL SEGMENTS USED= 160 NO. SEG. IN A STHNETRIC CELL: 80 SYHNETRY FLAG= 1 
STRUCTURE BAS I PLANES CF SYMNETRY 


- MULTIPLE WIRE JUNCTIONS - 
JUNCTION SEGHENTS (5 FOR END 1. + FOR END 2) 
RORE 


1167RCH. CUT Tuesday, Ncvenber 29, 1988 Page 2 


FREQUENCY: 0.1000£:02 MII2 
WAVELENGTH= 0.2998E102 METERS 


- - - STRUCTURE IMPEDANCE LOADING - - - 


LOCATION RESISTANCE — INDUCTANCE CAPACITANCE IMPEDANCE (08857 CONDUCTIVITY ТҮРЕ 
ITAG FROM THRU CANS HENRYS FARADS REAL INAGIRARY — MHOS/METER 

2 40 40 0.3000Е403 SER 

(10 49 0. 30005103 SER 


~ - ~ ANTENNA EXVIRCHNENT ~ - - 
FINITE GROUND. REFLECTION COEFFICIENT APPROXINATION 
RELATIVE DIELECTRIC CONST.= 80.000 


CORDUCTIVITYs 0.400510] MHCS/METER 
COMPLEX DIELECTRIC CCHSTANT= O.800008402-0. 719025404 


APPROXIMATE IRTESRATICN EMPLOYED FCR SEGHENTS MORE THAN 29.980 METERS APART 


БАСЫН TIMING = = 


FILL= 25,539 SEC.. FACTOR: 3.617 SEC. 


NAXIHUM RELATIVE ASYHMETRY CF THE CRIVING POINT ADMITTANCE WATRIX IS C.O00E+00 FOR SEGMENTS 81 AND 1 
RNS RELATIVE ASYMMETRY IS 0.00085100 


- - - ANTENNA INPUT PARAMETERS - - - 
TAG SEG. VOLTAGE {VOLTS} CURRENT {AMPS} INPEDARCE (CHNS) ADMITTANCE (NHOS) POWER 
NO. NO, REAL IMAG. REAL КА, REAL IMAG. REAL IMAG. (WATTS) 


1 ] 0.50000E+00 0.00000E+00 0.II464E-02-0.56029E-03 0.35205E+03 0.17206£+03 0.22928E-02-0. 1L206E-02 0. 28660E-03 
J  81-0.50000£100 0.00000£:00-0.11464E-02 0.56023£-03 0.35205E103 0.172065103 0.22928E-02-0.11206£-02 0.28660£-0) 


- - - POWER BUDGET - - - 


INPUT POWER = 0.5732E-0) WATTS 
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1167P.CN.CUT 


=> ANGLES = -= 

THETA PHI 
DEGREES DEGREES 
90.00 0.00 
85.00 0.00 
80.00 0.00 
15.00 0.00 
10.00 0.00 
65.00 0.00 
60.00 0.00 
55.00 0.00 
50.90 0.00 
45.00 0.00 
40.00 0.00 
00 0.00 
25.00 0.00 
20.00 0.2 
15.00 0.00 
10.00 0.00 
5.00 0.00 
0.00 0.00 
-5.00 0.00 
-10.00 0.00 
-15.00 0.00 
-20.00 0.00 
ZEB 0.00 
-30.00 0.00 
- 35.00 0.00 
- 40.00 0.00 
- 45.00 0.00 
-50.00 0.00 
-55.00 0.00 
-60.00 0.00 
-65.00 0.00 
-10.00 0.00 
-15.00 0.00 
-80.00 0.00 
- 89.00 0.00 
-90.00 0.00 


Tuesday, November 29, 1988 


RADIATED POWER- 0.2881E-03 WATTS 
STRUCTURE LOSS= 9.2851E-03 WATTS 


NETWORK LOSS 


EFFICIENCY 2 50.27 PERCENT 


< 0.0000Е400 WATTS 


= = = KADINIICR PATTERNS = =i 


- POWER GAINS - POLARIZATION SOS 
VERT. HOR. TOTAL ARIAL TILT SENSE 
DB DB DB RATIC DES. 
999.99 =999.99 90) QOO OC 0.00 
-140.50 15.87 15.87 0.00000 90.00 LINEAR 
ІП 17.95 11.95 — 000000 -90.00 LINEAR 
-139.05 11.26 11.26 0.00000 -90.00 LINEAR 
-154.45 6.91 6.97 0.00000 90.00 LINEAR 
-137.31 11.33 11.33 0.0000 90.00 LINEAR 
-133.32 2.0 À 23.02 0.00300  -90.00 LIREAR 
“134.54 -22.22. -22.22. 0.00000 — -90.00  LINEAP 
-153.34 -9.30 -9.30 7.0900 — 30.00 LINEAR 
“137.68 5.67 5.671 000000 90.00 LINEAR 
-133.30  0.308096-07  -16.50 — 0.30060£-0] 161. 
-136.52 -8.90 -8.90 0.00000 -90.00 LINEAR 
-143.40 -13.08 -13.08 0.00000 90.00 LINEAR 
107.55) S214) ONE OO OO ИИ? 
-M3.18 -27.33 -27.33 0.00009  -30.00 LINEAR 
-141.12 -4.71 -4.71 0.00000 — 90.00  LINEAP 
-133.62 -9.37 -9.31 0.00000 -90.00 LINEAR 
-140.04 -29.92 -29.92 0.00000 -30.00 LINEAR 
-151.21 -6.92 -6.52 0.00000  -50.00 LINEAR 
-143.87 -12.18 -12.18 0.00000 90.00 LINEAR 
-147.37 -36.54 -36.54 0.00000 30.00 LINEAR 
“149.59 -21.15 -21.15 0.00000 -90.00 LINEAR 
-147.57 -23.63 -23.63 0.00000 90.00 LINEAR 
“147.96 -22.32 -22.32 0.00000 — -90.00 LINEAR 
-145.66 -17.10 -17.10 0.00000 -90.00 LINEAR 
-146.52 -8.78 -8.78 0.00000 90.00 LINEAR 
РА ОУ 10.1 1003 0.00000 -90.00 LINEAR 
-147.08 -23.24 -23.24 0.00000 99.00 LINEAR 
-146.63 -44.48 -44.48 0.00000 90.00 LINEAR 
“151.82 -21.16 -21.16 0.00000 90.00 LINEAR 
“152.00 -8.60 -8.60 0.00000 90.00 LINEAR 
-P46.81 -10.35 -10.35 0.00000 90.00 LINEAR 
-154.70 -4.83 -4.83 0.00000 -90.00 LINEAR 
-155.62 2,51 2.51 0.00000 -90.00 LINEAR 
-159.48 0.74 0.74 0.00000 -90.00 LIREAR 
*313:33.-339,99 7339.99. 220 00000 0.00 


- - - NORMALIZED GAIN - - - - 


RCRIZCATAL GAIN 


NORMALITATICN FACTCR = 17.95 DB 


96 


c 


0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


- = - EITHETA) - - - 


MAGRITUDE 
YOLTS/M 

000008400 
‚17503Ё-0 
„248148-07 
„20683Е-07 
„36113Е-08 
25261Е-07 
„400118-07 
„34768Е-07 
„3989 4Е-08 
„38313Е-01 


.216115-01 
.104688-08 
.11162£-08 
„119958-07 
.16299Е-07 
.122188-01 
„18450Е-07 
. 10068-08 
„118808-07 
„193858-08 
„614778-08 
TTS92E-08 
14103E-08 
.966128-08 
.91524£-09 
„125448-07 
„82009Е-08 
.863888-08 
„415448-08 
„463682-08 
„06515-08 
.41288-08 
.30694E- 01 
„196908-08 
.00000Е+00 


PHASE 
DEGREES 
0.00 
11.56 
-176.48 
66.25 


0 


0 


0 
0 
0 
0 
0. 
0 
0 
0 
0 


сэ сэ сэ сэ сэ сэ с» сэ с> сэ сэ сэ сэ сь сэ «©з c c c c c c c 
Ф ~ e е . . 


Page ) 
АНИ. 
NAGNITUDE PHASE 
YOLTS/M DEGREES 
000008400 0.00 
1152384001 - 2 
1464681001 -47.05 
.617896+00 -70.41 
„413618400 15.21 
6820400 35.76 
294058400 — -11.28 
.10545-01. - 7 
„635808-01 1.53 
956286400 — -62.49 
66518E-01 4,52 
.U1218-01. 13934 
15652E-01 9.80 
.197456-02 -157.08 
1101808000 123.69 
.63009£-01 30.43 
S9109E-02 119 21 
S1910801 ІЛ 
15587Е-01 13.21 
276118-02 174.01 
16240£-01 146.54 
„122028-01 -99.44 
.141858-01 -116.58 
.45896£-01 -0. 4] 
.67487E-01 -46.48 
. 96618-01 -14.0 
„121626201 TIT 
„110748-02 -rD 
162238-01 -151.98 
„689108-01 -132.69 
„563018-01  -163.56 
-106328400 — -12.54 
.24138E*00.— -35.40 
.201878+00 — -49.46 
.00000Е+00 0.00 


116TRON. CUT 


- - ANGLES - - 
THETA РА! 
DEGREES DEGREES 
90.09 0.00 
05.00 0.00 
80.00 0,00 
p» 00 0.00 
10.00 0.00 
65.00 0.00 
60.00 0.00 
55.00 0.00 
50.00 0.00 
15,00 0.00 
40.00 0.00 
35.90 0.00 
30.00 0.00 


beet DATA CARD AO. 


0E+00 


RUN TIME 38,34 


INPUT DATA SET 


GAIR 
DB 


-1011.94 
-2.08 
0.00 
-6.69 
-10.90 
-6.63 
19.93 
-40.18 
“112% 
02506 
13213 
“15 
-26.86 


Tuesday, November 29, 1988 


Sea ANGLES == 
THETA РА! 
DEGREES DEGREES 
25.00 2.00 
20.00 0.00 
15.00 0.00 
10.00 0.00 
5.00 0.00 
0.00 0.00 
-5.00 2:00 
-10.90 9.90 
215300 0,00 
2000 0.00 
-25.00 0.09 
- 20.00 0.00 
0 


СМ 1851 CF NPSHEC AS CRC DISK 7 FEB 83 
CM RBOMBIC ANTENNA RORIZCNTALLY POLARIZED 
CN LEG LENGTH=398.0 FT. 

CN CENTER WIDTH=314.0 FT. 
СИ APEX ANGLE=44.0 DEGREES. 


СИ HEIGHT ABCYE GRCUND=160.0 FT. 


GAIN 
DB 


SS 
2:10 
- 45.28 
-22.66 
427779 
-47.88 
-24.47 
-30.14 
-54.49 
-39.10 
-41.59 
-40.28 


- - ANGLES - - 
THETA PHI 
DEGREES DEGREES 
-25.00 0.00 
-10.00 0,00 
-45.00 0.00 
-50.00 0.00 
-55.00 0.00 
-60.00 0.00 
-65.00 0.00 
-10.00 0.00 
-15.00 0.00 
-80,00 0.00 
- 85.00 0.00 
-90.00 0.00 


0 0.00000E+00 0.00000E*00 0,00000Е+00 


CM GROUND PARAMETERS-EPSILCA=80. SISNA=4. HHOS/M. ISEA WATER) 


СЕ CONDUCTCR-AWG AC. 10 WIRE DIA.=0.00425 FT. 
GW1.40,0.0.0.0,160.0, 366.082, 157.0.160.0.0.00425 


GW2.40,366.082,157.0.160.0.732.164.0.0.160.0.0.00425 


612.010 
6$0,0,0.30480] 
GP 


ШОО 10,-0,5 
pros 


ШОО 90),90.0.0.0,-5.0,0.0 


EN 
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Page 4 


САТА 
DB 


09105 
-26.1) 
2282311 
-11.20 
-62.43 
ГІП 
“26.5% 
-28.30 
-22.18 
ДІГІ» 
21 
-1017.94 


0.000008+00 0.000008+00 0.0000 


С. 1167DP49.OUT (49 SEGMENT CENT ER PED Dat eee) 


thüadtkatttikhtatnttttttiktatkttttttttttttttitttttt 


NUMERICAL ELECTRCMAGNETICS CODE (NPGI000) 


ЕЕЕ ЕЕЕ ЕЕЕ ЕЕЕ 


- - - - COMMENTS - - - - 


DIPOLE WITH 49 SEGNENTS 


= >= STRUCTURE SFECIFICATION 


COORDIRATES NUST BE INPUT IN 
NETERS OR BE SCALED TO NETERS 
BEFORE STRUCTURE IRPUT IS ENDED 


WIRE N^. ОР FIRST LAST TAG 
10. 11 n ¿I 12 IP ¿2 RADIUS SEG. SEG. S&C. NO. 
1 0.00000 0.00000 0.00000 0.00000 0.00000 0.50000 0.00001 49 ie l 


TOTAL SEGMENTS USED: 49 RO. SEG. IN A SYMMETRIC CELL= 49 SYMMETRY FLAG= 0 


~ MULTIPLE WIRE JUNCTIONS - 
JUNCTION SEGMENTS {- FOR END 1, + FOR END 2) 
RORE 


FREQUENCY= 0.2998E+03 MHZ 
WAVELENGTH= 0.1000E401 METERS 


- - - STRUCTURE IMPEDANCE LOADING - - - 


THIS STRUCTURE IS ROT LOADED 


- - - ANTENNA ENVIRONHENT - - - 


FREE SPACE 
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11610P49.0UT Wednesday, Novesber 30, 1988 


APPROXIMATE INTEGRATION ENPLOYED FOR SEGMENTS MORE THAN 1.000 METERS APART 


ЕМА ИТИИ е = 


FILL: 5.047 SEC., FACTOR: 0.445 SEC. 


= > SUANIERNA INEUT PABANETERS Е - = 


TAG SEG. VOLTAGE (YOLTS] CURRENT (AMPS) IMPEDANCE [ONHS] ADHITTANCE (MNOS] POWER 
NO. KO. REAL INAG. REAL IMAG. REAL INAG. REAL IMAG. (WATTS) 
1 25 0.10000E+01 0.00000E+00 0.97680E-02-0.54736E-02 0.77911E+02 0.43658E+02 0.97680E-02-0.54736E-02 0.48840E-02 


= = POWER BUDGET E us 


INPUT POWER = 0.4884E-02 WATTS 
RADIATED POWER= 0.4884E-02 WATTS 
STRUCTURE LOSS= 0.00006+00 WATTS 
NETWORK LOSS = 0.0000E+00 WATTS 
EFFICIENCY = 100.00 PERCENT 


ПЛАНИ РАТА CARD KO. 4 EN 0 0 0 0 0.000005:00 0.000008+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0000 
0E+00 


RUN TINE = 5.88) 
INPUT DATA FILE 


CE DIPOLE WITH 49 SEGKENTS 
си 1,49,0,0,0,0,0,.5,.0000) 
GP 

GE 

EX 0,1,25 

prel 

XQ 

EN 
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APPENDIX K. NEC3 SAMPLE RUNS ON IBM 3033AP NAINFRAME 


A. NPSG2.0UT (MONOPOLE WITH LOSSY GROUND, REQUIRES SOMNTX 


DATA) 
ііі ні ІІІ ІІІ ігі ІІІ 
NUNERICAL ELECTROMAGNETICS CODE ~ ОНРСКЕС 
5661222242224524245424256422424244244242144424414214124401 
SoSRSSSODUHNENTS SESS 
TEST 62 
NONOPOLE ANTENNA ON A GROUND STARE 
= = = STRUCTURE SPECIFICATION == ~= 
COORDINATES NUST BE INPUT IN 
METERS OR BE SCALED TO METERS 
BEFORB STRUCTURE INPUT IS ENDED 
WIRE NO. OF FIRST LAST TAG 
HO. 11 ТІ 51 12 12 74 RADIUS SEG. SEG. SEG. H0. 
1 0.00000 0.00000 -2.00000 0.00000 0.00000 0.00000 0.01000 8 1 š 1 
2 0.00000 0.00000 0.00000 0.00000 0.00000 15.00000 0.01000 10 9 18 2 


TOTAL SEGMENTS USED= 18 NO. SEG. IN A SYMMETRIC CELL= 18 SYMMETRY FLAG= 0 


- MULTIPLE WIRE JUNCTIONS - 
JUNCTION SEGMENTS (- FOR END 1, * FOR END 2) 
NONE 


FREQUENCYz 0.5000E*0I MHZ 
WAVELENGTH= 0.5996£+02 METERS 


- - - STRUCTURE INPEDANCE LOADING - - - 


THIS STRUCTURE IS HOT LOADED 


- = - ANTENNA ENVIRONMENT - - - 


FINITE GROUND. SONNERFELD SOLUTION 
RELATIVE DIELECTRIC CONST.= 10.000 


90 


RPSG2.0UT Wednesday, November 30, 1988 


CoNDUCTIYITY- 0.100E-0] KHOS/METER 


CONPLEX DIELECTRIC CONSTART- 0.10000£102-0.3595] E102 


APPROXINATE INTEGRATION EMPLOYED FOR SEGNENTS MORE THAN 


~= -NATRIE TINING 6 


FILL= J.25) SEC., FACTORS: 0.00) SEC. 


~ - ~ АНТЕННА INPUT PARANETERS - - - 


ТАС SEG. 
NO. RO. 


VOLTAGE (VOLTS) 
REAL КАС. 


CURRENT (AMPS] 
REAL INAG. 


INPEDANCE (OHMS) 
REAL INAG. 


59.960 NETERS APART 


ADRITTANCE (MHOS] 
REAL 


IMAG. 


Page 2 


POWER 
(WATTS) 


2 9 0. 100006401 0. 00000E#00 0.90158E-02-0.37068E-02 0.94879E:02 0.39009£102 0.90158E-02-0.37068E-02 0.45019E-02 


- - - POWER BUDGET 


INPUT POWER = 0.4508E-02 WATTS 
RADIATED POWER- 0.4508E-02 WATTS 
STRUCTURE LOSS= 0.0000E+00 WATTS 
NETWORK LOSS = 0. 0000Е+00 WATTS 
EFFICIENCY = 100.00 PERCENT 


- = - RADIATION PATTERNS - - - 


E ANGLES - - - POWER GAINS - За POLARIS SSN Zs 
THETA PHL VERT. HOR. TOTAL AXIAL TILT SENSE MAGNITUDE PHASE 
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS/H DEGREES 

0.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 0.00000E+00 0.00 
5.00 0.00 20505013599 2150. 0.00000 0.00 LINEAR 0.)4425Е-1 65.98 
10.00 0.00 s 115558 999.9 15S 0.00000 0.00 LINEAR 0.68913Е-01 65.91 
15.00 0.00 -14.02 -999.99 -14.02 0.00000 0.00 LINEAR 0.10349E+00 65.78 
20.00 0.00 ЕЕ AS 0.00000 0.00 LINEAR 0.13813E+00 65.60 
25.00 0.00 Әк” OG 0.00 LINEAR 041101000 65.97 
30.00 0.00 -8.00 -999.99 -8.00 0.00000 0.00 LINEAR 0.20695E+00 65.08 
35.00 0.00 0.10 9909. -6.10 0.00000 0.00 LINEAR 0.24051E+00 64.72 
(0.00 0.00 -$.60 -999.99  -5.60 0.00000 0.00 LINEAR 0.27279E+00 64.29 
(5.00 0.00 -( 6339 0 60 0.00000 0.00 LINEAR 0.30302E+00 63.77 
50.00 0.00 ӘЗ 3.94 0.00000 0.00 LINEAR 0.33021E+00 63.15 
55.00 0.00 2G 999.99 0565 070000 0.00 LINEAR 0.35306E+00 62.38 
60.00 0.00 202000097 22:96 20100000 0.00 LINEAR 0.369905+00 61.41 
65.00 0.00 -2 16 2339 93 2936 000000 0.00 LINEAR 0.37846E+00 60.15 
10.00 0.00 :2203::999,99. 2:8) 0.00000 0.00 LINEAR 0.37544E+00 58.15 
15.00 0.00 СО 3:907 — 0-000010 0.00 LINEAR 0.35548B+00 56.0) 

412.0: 0.00 -4.54 -999.99 -4.5¢ 0.00000 0.00 LINEAR 0.30833E+00 52.32 


91 


== Р >; 
MAGNITUDB — PHASE 

VOLTS/M DEGREES 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.000005+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0. 00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.000005100 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 
0.00000E+00 0.00 


NP$62.0UT 


85.00 
30.00 

0.00 

5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
15.00 
50.00 
55.00 
60.00 
65.00 
70.00 
15.00 
80.00 
85.00 
30.00 


0.00 

0.00 
30.00 
30.00 
30.00 
30.00 
.00 
30.00 
30.00 
30.00 
30.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 


“1: 
5093. 


2305 


al 


zu 


84 -393.33 
33 -9393998 


20952999594 
АД 


54 -399093 


5599993 
-H. 


02- -333493 


5155333593 
3. 
oui: 
"b. 
тз! 
51: 
`j. 
2 
PA 
2. 
`1. 
3. 
-4. 
T 


о 55 Је 
(| 075392233 
10 
60 -999.99 
69 999.97 
217530733 
36 -999,99 
96 -999.99 
16 2999599 
9777222) 
JO 33333 
54° =999.39 
84 -393.93 


AVERAGE POWER GAIN= 0. 328108400 


чн DATACARD NO. $ 
008402 
- LOCATION 
DS - 
1 Í 
METERS METERS 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000. 0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
5000.0000 0.0000 
—5000 0000 0.0000 


NE 0 


-7.84 
2323-95 
-793.33 

1 
11.55 
-14.02 
151 

23591 

-#.00 

-6.10 

-5.60 

-1.63 

а 

zi 

22,1% 

221% 

2.8) 

23:30 

-4.54 

-7.84 
339 93 599 3 9539 95 
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с> <> <> с> <> с> «>» « «>» c «» «>» cc cc» c» € c» <> c» 
e œ • >œ 


00000 
00000 


.00000 
„00000 
.00000 
‚00000 
00000 
‚00000 
‚006000 
00000 


00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 


o c» c € > o o O o O c» cc» c c <» < < < O <> 
. е а е е ө e ә е e.e е èo в > ае е ә е е е ө 


LINEAR 


0 

0 

0 

0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINBAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 LINEAR 
0 


c 


c» c» c» c» c <> с> с> С> с> <> <> со со <> <> <> <> <> <> 
. е е e.e °. ° е е 


210796400 
.00000E+00 
000006400 
. 141268-01 
.68913Е-01 
10)49Е+00 
1)812Е+00 
1121084100 
. 0 
. 0 
. 0 
„З0302Е+00 
„33021Е400 
35306E100 
36930100 
378466400 
375448400 
355486100 
. 0 
210796400 
000005400 


SOLID ANGLE USED IN AVERAGING=( 0.5000] *PI STERADIANS. 


0 


0 


сэ с> <э <> < < < сь < < < Ф < < < < <> <> <> 
e oe ә = o% 


000005100 


00000£100 
000005100 
000001100 
.00000Е+00 


.00000Е+00 


.00000Е+00 
00000800 
00000500 
000006 +00 
.000006+00 
00000100 
.Q0000£100 
.00000Е+00 
.000006+00 
.00000Е+00 
.00000Е+00 
00000400 
.00000Е+00 
.00000Е+00 
000008400 


Раде 3 


с> с> с> с> с> <> с> <> е» «> O O O O <> «> <> <> <> <> <> 
. . . . • • . . „ e ° . . . . . . . • • 
с> <> С> С> С> С> С> <> <> <> <> 


е 
с> с> с> <> <> <> <> сь с с» с с < с < < < < < < 


< c» c» c c <> <> <> <> <> 


l 21 0.50000E+04 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.100 


- * - NEAR ELECTRIC FIELDS - - - 


1 

METERS 
0.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60.0000 
10.0000 
0.0000 
30.0000 
100.0000 
110.0000 
120.0000 
130.0000 
140.0000 
150.0000 
160.0000 
110.0000 
180.0000 


MAGNITUDE 
VOLTS/N 
.1058£-04 
.1013£-04 
.9101£-05 
.9300£-05 
„89128-05 
5418-05 
8186£-05 
1846£-05 
.15208-05 
.1208E-05 
„6909Е- 05 
„66228-05 
„6346Е-05 
„6082Е-05 
.58288-05 
5585E-05 
5352E-05 
5123E-05 
49168-05 


сэ с» с сь O сь сь сь c» <> С> <> <> <> <> <> O O <> 
e е oo е = е е 


EX - 


PHASE 
DEGREES 
140.80 
141.10 
141.29 
141.40 
141.41 
141.34 
141.13 
140.96 
140.66 
140.28 
139.85 
139.35 
138.80 
138.2] 
131,5] 
136.90 
136.2] 
135-50 
134.18 


MAGNITUDE 
VOLTS/¥ 

.0000Е+00 
0000Е+00 
00008400 
.0000Е+00 
00008400 
00008400 
00008100 
.0000Е+00 
.0000Е+00 
.0000Е +00 
. 0000800 
.0000Е+00 
0.0000Е+00 
0.0000£100 
0.0000400 
0.0000Е+00 
0.0000Е+00 
0.0000Е+00 
0.0000Е+00 


с> с> с» сь с» с» с» с» c c c c 
. е 


мо 


PHASE 
DEGREES 
.00 


= 


с> <> <> c» c <> «а» с» с» <> <> <> <> <> <> <> <> 
> Ва ы “| қ ә е е е е _ = 3. в - в ғ е 
<> 
<> 


MAGNITUDE 
VOLTS/M 
0.6463Е-04 
0.6313Е-04 
0.6176£-04 
0.6051Е- 04 
0.5936Е-04 
0.5831Е-04 
0.57378-08 
0.5651Е-04 
0.5573Е-04 
0. 5504Е-04 
0.5441Е-04 
0.5386E-04 
0.5 3376-04 
0.5294Е-04 
0.5257Е-04 
0.52248-04 
0.51978-04 
0.5174Е-04 
0.51558-04 


5% - 


PHASE 
DEGREES 
103.53 
103.16 
102.65 
102.00 
101.21 
100.29 
33:21 
98.07 
96.77 
35:35 
93.80 
92.14 
90.36 
88.1] 
86.47 
84. 35 
82.12 
19,19 
11.44 


- PEAK FIEL 


NAGRITUDE 
VOLTS /M 
0.6518Е-04 
0.63645-01 
0.62238-04 
0.6093E-04 
0.5975Е-04 
0.5867Е-04 
0.5769Е-04 
0.5680E-04 
0.56008-04 
0.5528E-04 
0.54638-08 
0.5405E-04 
0.5 3546-04 
0.5309Е-04 
0.52695-01 
0.5236Е-04 
0.5207Е-04 
0.5182Е-04 
0.5162Е-04 
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5000.0000 0.0000 — 190.0000 O.47126-05 134.06 0.0000Е+00 0.00 — 0.5]40£-04 — 14.19 0.51468-04 
5000. 0000 0.0000 200, 0000 0.45186-05 133.35 0.0000Е+00 0.00 0.61296-04 72.13 0.51 ME-04 


(00 DATA CARD NO. 1 0 0 0 0 0.00000E+00 0.00000Е+00 0.00000E+00 0.00000Е+00 0.00000Е+00 0.000 
008+00 


RUN TINE = 4.990 
INPUT DATA FILE 


CN TEST 62 

CN 

CH NONOPOLE ANTENNA ON A GROUND STAKE 
CE 

cums, 0,0,2, 0,0,0, „01 
си 2,10, 0,0,0, 0,0,15, .01 
GP 

GE 

CN 2,0,0,0, 1 
FR 0,0,0,0, 5 
pres] 

net, 2,1,0, 1 
Р 197,2,1001, 0,0,5,90 

NE 0,1,1,21, 5000,0,0, 0,0,10 
EN 


0,.0] 


22 


D. NPSROM.OUT (RIIOMBIC ANTENNA) 


NUMERICAL ELECTRONAGNETICS CODE - NPGNEC 


itüáttttttitttttattátatattttattttttittéitatitltutt 


СЕЗОНИ = 2 


TEST OF APSHEC AS OX C DISK 7 FEB 83 
RHCNBIC ANTENKA HORIZONTALLY POLARIZED 
LEG LENGTH=398.0 FT. 
CENTER WIDTH=314.0 FT. 
APEX ANGLE=44.0 DEGREES. 
NEIGHT ABOVE GROUND=160.0 FT. 
GROUND PARAMETERS-EPSILON-80. SIGNA-4. MHOS/M. {SEA WATER) 
CONDUCTOR-AWG КО. 10 WIRE DIA.=0.00425 FT. 


= = = STRUCTURE SPECIE ICATION =o->= 


COORDINATES MUST BE INPUT IN 
NETERS OR BE SCALED TO NETERS 
BEFORE STRUCTURE INPUT IS ENDED 


WIRE NO. OF FIRST LAST TAG 
КО. X1 Yl 21 12 ¥2 22 RADIUS SEG. SES. SEG. NC, 
] 0.00000 0.00000 160.00000 366.08179 157.00000 160.00000 0.00425 40 | 40 l 
2 366.08179 157.00000 160.00000 732.163862 0.00000 160.00000 0.00425 (0 (4 80 4 


STRUCTURE REFLECTED ALONG THE AXES — Y . TAGS INCRENENTED BY 4 
STRUCTURE SCALED BY FACTOR 0.30480 


GROUND PLANE SPECIFIED. 


WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE. 


TOTAL SEGMENTS USED= 160 NO. SEG. IN A SYNNETRIC CELL= 80 SYNNETRY FLAGS 1 
STRUCTURE HAS 1 PLANES OF SYNNSTRY 


- MULTIPLE WIRE JUNCTIONS - 
JUNCTION — SEGNENTS {- FOR END I, + FOR END 2) 
NONE 


FREQUENCY- 0.1000E:02 MHZ 
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WAVELENGTH= 0.2998E102 METERS 
- - - STRUCTURE INPEDANCE LOADING - - - 
LOCATION RESISTANCE — INDUCTANCE  САРАСТТАКСЕ INPEDANCE (0885) CONDUCTIVITY TYPE 
ITAG FROM THRU OHNS HENRYS PARADS REAL INAGINARY NHOS/NETER 
à 4 40 0.3000£10) SER 
( 040 1 0.3000£103 SER 
- - - ANTENNA ENVIRONMENT - - - 
FINITE GROUND. REFLECTION COBFFICIENT APPROXIMATIOM 
RELATIVE DIELECTRIC CONST.- 80.000 
CONDUCTIVITYs 0.400£101 MHOS/METER 
CONPLEX DIELECTRIC CONSTANT: 0.80000£:02-0.71902£101 
APPRORIMATE INTEGRATION EMPLOYED FOR SEGNENTS NORE THAN 29.980 METERS APART 
CP TINE TAREN POR FACTORIZATION = 0.20800E401 
=a MATRIX TINING == 
== 11.870 SEC., FACTOR: 2.417 SEC. 
NAXINUM RELATIVE ASYNHETRY OF THE DRIVING POINT ADMITTANCE NATRIX IS 0.819E-06 FOR SEGNENTS 8I AND 1 
RNS RELATIVE ASYNMETPY IS 0.819E-06 
- - - ANTENNA INPUT PARAMETERS - - - 
TAG SEG, VOLTAGE (VOLTS) CURRENT (ANPS) INPEDAHCE (ORNS) ADMITTANCE (HHOS) POWER 
ІШ: "40. КЕМ, INAG. REAL IMAG. REAL IMAG. REAL INAG. (WATTS) 


l | 0.50000E+00 0.00000E+00 0.11465E-02-0.56027E-03 0.35205E+03 0.17204E+03 0.22929E-02-0.11205E-02 0.28662E-03 
J 81-0.500008+00 0.00000£100-0.11465E-02 0.56027E-03 0.352055103 0.11204E103 0.22929E-02-0.11205E-02 0.28662E-03 


- - - POWER BUDGET 


INPUT POWER 
RADIATED POWER 
STRUCTURE LOSS 
NETWORK LOSS 


“2 
сл 


0.5732Е-03 WATTS 
0.2882E-03 WATTS 
0.2850Е-03 WATTS 
0.0000::00 ҰАТТ5 


NPSRON.OUT Vednesday, Movember J0, 1988 Page ) 
EFFICIENCY = $0.27 PERCENT 


= = = RADIATION PATTERNS - - - 


-80.00 ее зо ЗІ 721 00000 90.00 LINEAR 
-85.00 „00 -122.96 0.14 0.1 00000 -90.00 LINEAR 
-90.00 0.00 -999.99 -94.91 -94.91 0.00000  -90.00 LINEAR 


11395E-06 -123.81 0.24741E+00 -35.39 
13190Е-06 -144.96 0.20189E+00 -49.45 
.50536Е-12 118.38 0.33319E-05 11.0% 


= e ANGLES = -< - POWER GAINS - - = * POLARIZATION = = - = > = BUTHETA) - = = Си 

THETA PHI VERT. HOR. TOTAL AXTAL TILT SENSE NAGNITUDE —— PHASE MAGNITUDE — PHASE 
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS/N DEGREES VOLTS/N DEGREES 
90.00 0.00 -999.99 -77.44 -71.44 — 0.00000 -90.00 LINEAR 0.798258-11 -28.27 — 0.2189)8-04 — 65.20 
85.00 0.00 -100.97 15.87 15.87 0.00000 à -90.00 LINEAR — 0.16571E-05 58.61 0.11523E+01 -)2.92 
80.00 0.00 -96.10 17.95 17.95 0.00000  -90.00 LINEAR 0.29043Е-05 53.21  0.146466+01 -47.05 
15.00 0.00 — -125.90 11.26 11.26 0.00000 90.00 LINEAR — 0.94010E-0] — 11.85 0.61781Е+00 -10.41 
10.00 0.00 -125.65 6.97 6.91 0.00000 -90.00 LINEAR — 0.96684E-07  -27.16 — 0.41361E:00 — 16.21 
65.00 0.00 -106.14 11.3) 11.3) 0.00000  -90.00 LINEAR — 0.91386E-06 -58.11 — 0.68304E:00 — 35.15 
60.00 0.00 — -106.1] 2.00 20 0.00000 90.00 LINEAR  — 0.91]704E-06 -97.15 0.234068400 — -11.29 
55.00 0.00 -120.44 -22.22 -22.22 0.00000 — 90.00 LINEAR 0, 17633-06 -81.79 — 0.1064E-01. -114.96 
50.00 0.00 -111.78 -9.30 -9.30 0.00000  -90.00 LINEAR 0.477648-06 102.97 — 0.63513E-01 1-98 
45.00 0.00 -108.83 5.67 5.67 0.00000 -90.00 LINEAR — 0.67103E-06 55.56 0.35627E+00 -62.49 
40.00 0.00 -101.72 4.16 4.16 0.00000 -90.00 LINEAR — 0.152066-05 130.10 0.299458100 -136.17 
35.00 0.00 — -101.70 -15.81 -15.81 0.00000 -90.00 LINEAR — 0.16383E-06 64.64 0.30049Е-01 161.03 
30.00 0.00 -103.61 -8.90 -8.90 0.00000  -90.00 LINEAR 0.122298-05 103.91 0.66508Е-01 4.92 
25.00 0.00 — -121.15 -13.08 -13.08 0.00000 -90.00 LINEAR O.162456-06 105.62 O.411286-01 -79.92 
20.00 0.00 -113.14 -21.47 -21.47 0.00000 -90.00 LINEAR — 0.40836E-06 -110.08 — 0.15655E-01 9.80 
15.00 0.00 — -106.30 -27.33 -27.33 0.00000  -90.00 LINEAR — 0.89114E-06 — -52.10 — 0.19128E-02 -157.16 
10.00 0.00 -106.94 -4.71 -4.71 0.00000 -90.00 LINEAR  O.833478-06 -118.38 0.10778E+00 123.70 
5.00 0.00 -101.44 -9.37 -9.37 0.00000 -90.00 LINEAR 0.157086-05  -16.26 0.630256-01 30.4) 
0.00 0.00 -108.23 -29.91 -29.91 0.00000 -90.00 LINEAR — 0.11890E-06 -52.52 0.59252201 
-5.00 0.00 -107.94 -6.52 -6.52 0.00000 -90.00 LINEAR — 0.74318E-06 -122.10 — 0.87489E-0] — 131.58 
-10.00 0.00 -107.52 -12.18 -12.18 0.00000 -90.00 LINEAR 0.780366-06 -64.52 0.456008-01 43.21 
-15.00 0.00 -115.56 -36.52 -36,52 0.00034  -89.99 RIGHT 0.30922Е-06 -71.90 0.2166 -02 124.20 
-20.00 0.00 -120.33 -21.15 -21.15 0.00000 -90.00 LINEAR — 0.11853E-06 — -83.)] 0.16233Е-01 146.55 
-25.00 0.00 -121.67 -23.63 -23.63 0.00000 -90.00 LINEAR 0.15295Е-06 131,46 0.12205Е-01 -99.44 
-30.00 0.00 -113.51 -22.33 -22.33 0.00000 -90.00 LINEAR 0.391576-06 105.39 O.141726-01 -116.58 
290,00 0.00 -109.51 -17.10 -17.10 0.00000 -90.00 LINEAR 0.620388-06 — 122.22 0.258818-01 -0.52 
-40.00 0.00 -110.22 -8.78 -8.78 0.00000 -90.00 LINEAR 0.571568-06 119.48 0.674638-01 -46.45 
-45.00 0.00 -112.00 -10.77 -10.77 0.00000 -90.00 LINEAR  0.46563E-06 130.95 0.53676E-01 -14.47 
-50.00 0.00 -118.69 -23.25 -23.25 0.00000 -90.00 LINEAR 0.215596-06 133.23 0.125101 
255-00 0.00 -121.36 -44.44 -44.44 0.00000 -90.00 LINEAR  0.15853E-06 -81.78 0.11114Е-02 -111.41 
-60.00 0.00 -113.32 -21.18 -21.18 0.00000 -90.00 LINEAR — 0.40012E-06 0.6) — 0.16103E-01. -151.93 
-65.00 0.00 -108.25 -8.59 -8.59 0.00000  -90.00 LINEAR — 0.71738E-06 -30.96 0.68925E-01 -132.64 
-10.00 0.00 — -124.5) -10.35 -10.35 0.00000 -90.00 LINEAR — 0.11003E-06 — -45.55 0.56314Е-01 -163.54 
-15.00 0.00 -133.68 -4.83 -4.83 0.00000  -90.00 LINEAR 0.38389E-07 -112.01 0.10634E+00 — -12.5) 

0 0. 0. 
0 0 0. 
0 


- - - NORNALIZED GAIN - - - - 


HORIZONTAL GAIN 
NORNALIZATION FACTOR = 17.95 DB 


=т=, E GAIR - = ANGLES E GAIN ANGLES = GAIN 
THETA PHI DB THETA МП 09 THETA PHI 09 
—HEGKELS DEGREES DEGREES DEGREES DEGREES DEGREES 
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NPSROM.OUT 


30.00 
85.00 
10.00 
15.00 
10.00 
65.00 
60.00 
55.00 
50.00 
45.00 
40.00 
35.00 
30.00 


из DATA CARD КО, 


00:00 


RUN TINE = 


11.90) 


INPUT DATÀ FILE 


с> с> => = O O O O O O O O со 
е e e E E Ə е E 


с> c» c» > > O O O O O O O © 
с> <> с> c» с> с>э O O O O со со сә 


95.13 25.00 
“2.0 20.00 
0.00 15.00 
-6.69 10.00 
"10 35 5.00 
-6.63 0.00 
215:9) 25.00 
-40.17 -10.00 
21115 -15.00 
-12.28 -20.00 
21:513 -25.00 
ШЕТ -10.00 


t 
=> 
с 
. 
om 
с 


9 EN 0 0 0 


CN TEST OF NPSNEC AS ON C DISK 7 FEB 83 
СК RHOHBIC ANTENNA HORIZONTALLY POLARIZED 
СК LEG LENGTH=398.0 FT. 

CN CENTER WIDTH=314.0 FT. 

CM APEX ANGLE=44.0 DEGREES. 

CH HEIGHT ABOVE GROUND=160.0 FT. 

СК GROUND PARANETERS-BPSILON=80. SIGNA=4. MHOS/K. (SEA WATER} 


CE CONDUCTOR-AWG NO. 10 WIRE DIA.:0.00425 FT. 
681,40,0.0,0.0,160.0,366.082,157.0,160.0,0.00425 


Wednesday, Noverber JO, 1988 


0.00 -)1. 
0.00 — -39. 
0.00 -45. 
0.00 -22 
0.00 — -21 
0.00 -4. 
0.00 — -24. 
0.00 -30. 
0.00 -54 
0.000819. 
0.00 — -1l. 
0.00 -40. 


0) 
42 
28 


„66 
Щи 


#6 
48 
14 


41 


11 
58 
29 


235: 
240: 
549; 
50: 
poo. 
-60. 
“02: 
-10. 
s. 
-80. 
E 
-90. 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


0 0.00000Е+00 0. 000006100 0.000005+00 


682,10,366.082,151.0,160.0,732.164,0.0,160.0,0.00425 


612,010 


с50,0,0. 304501 


GP 
GEI 


FR0,0,0,0,10.0 


GRO,0,0,0,80.0,4.0 
00, 2,40, 40, 300.0 
00,4, 40,40, 200.0 


PT -1 


EX0,1,1,0,0.5 


25035110, -0.5 
RPO,37,1,1401,90.0,0.0,-5.0,0.0 
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Page 4 


223205 
OT 
200302 
-41.20 
-62.40 
293010 
“26.52 
-28.30 
Ur 
25. 05 
21.21 
112.86 


.00000Е+00 0. 000008100 0.000 


С. NPSDP49.OUT (49 SEGMENT CENTER FED DIPOLE) 


ааа ЕЕЕ КЕЕДЕ ЕЕЕ е 


NUMERICAL ELECTROMAGNETICS CODE - DNPGNEC 


- - - - COMMENTS - - - - 
DIPOLE WITH 49 SEGEMENTS 


= <= STRUCTURE SPECTEICAT IONS LE 


CCORDINATES MUST BE INPUT IN 
METERS OR BE SCALED TO METERS 
BEFORE STRUCTURE INPUT IS ENDED 


WIRE NO. OF FIRST LAST TAG 
NO. 11 11 51 (2 12 22 RADIUS SEG. SEG. SEG. RO. 
І 0.00000 0.00000 0.00000 0.00000 0.00000 0.50000 0.00001 {9 J 49 1 


TOTAL SEGMENTS USED: 49 NO. SEG. IN A SYMMETRIC CELLS 49 SYMMETRY FLAG= 0 


- MULTIPLE WIRE JUNCTIONS - 
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2) 
NONE 


FREQUENCY= 0.2998E+0) MHZ 
WAVELENGTH= O. 10006401 METERS 


- - - STRUCTURE IRFEDANCE LOADING - - - 


THIS STRUCTURE IS NOT LOADED 


- - - MTENNA ENVIRONMENT - - - 


FREE SPACE 


APPROXIMATE INTEGRATICN EMPLOYED FOR SEGMENTS NORE THAN 1.000 METERS APART 
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NPSDP49. OUT wednesday, November 30, 1388 


НИ АПАРАТА TIRING = = 


FILL= — 3.01) SEC., FACTOR= 0.24) SEC. 


- - > ANTENNA INPUT PARAMETERS - - - 


TAG SEG, VOLTAGE (VOLTS) CURRENT (AMPS) INPEDANCE (OHMS) ADMITTANCE (NAOS) POWER 
NO. NO. REAL IMAG. REAL IMAG. REAL ТКАС, REAL INAG, (WATTS | 
1 25 0.10000E+01 0.00000E+00 0.96806£-02-0.552778-02 0.77900E+02 0.44481E+02 0.96806£-02-0.55277E-02 0.48403E-02 


- - - POWER BUDGET - - - 


INPUT POWER = 0.4840E-02 WATTS 
RADIATED POWER= 0.4840E-02 WATTS 
STRUCTURE 055= 0,0000Е+00 WATTS 
NETWORK LOSS = 0.0000Е+00 WATTS 
EFFICIENCY = 100.00 PERCENT 


“GQ DATA CARD NO. 3 EN 0 0 0 0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000£+00 0.00000E+00 0.000 
008400 


RUN TINB = 3.460 
INPUT DATA FILE 


CE DIPOLE WITH 49 SEGENENTS 
ПШ, 0,0,0, 0,0,.5, .00001 
GP 

GE 

BX 0,1,25 

XQ 

BR 


9 


~) 


زی 


0. 


10. 
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